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Portable, 
Performance 


& Affordability - 
You Can Have It All 


In brainstorming sessions for 
our new specirum analyzer, 
we focused on the compromise 
that inevitably occurs during the 
buying decision process: You 
want the most advanced tool: 
but you settle for the instrument 
that fits the budget. Now, the 
2398 eliminates the need for 


COMproMIse 

Consider this: Covering a 
frequency range at 9 kHz to 
2.7 GHz, the fully synthesized 
2398 gives you ladoratory-like 
et weighs a field 


8 lbs. (8.2kg) 


occuracy 


Brainstorm 


RMANCE 


ie 


signals simultaneously. And with 
its “Autoset” mode, you view 
unknown signals with the press 
of a single button. We even in: 
cluded a standard 1 Hz frequency 
counter, AM/FM receiver, and 
optional Tracking Generator 

Plus, you can have full Marker 

and Limits functions, RS-232, and 
Printer Port. All without compromis- 
ing your budget. 

To find out more about the 
2398's unique combination of 
portable performance and afford- 
ability contact your nearest IFR 


office today or visit our web site 
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For more information call your local IFR office - USA Tel +1 (316) 522-4981 Toll Free 1-800-835-2352 (U.S. Only) Fax +1 (316) 522-1360 
UK Tel +44 1438 742200 Free phone (UK only} 0800 282388 Fax +44 1438 727601 France Tel +33 1 60 79 96 00 Fax +33 1 60 77 69 22 
Benelux Tel +31 13 013 463 95 40 Fax +31 13 013 463 96 63 Germany Tel +49 81 31 2926-0 Fax +49 81 31 2926-130 

Spain Tel +34 1 640 11 34 Fax +34 1 640 06 40 Hong Kong Tel +852 2-832-7988 Fax +852 2-834-5364 Singapore Tel +65 381 1470 Fax +65 2810113 
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E-mail: info@ifrsys.com 


www. ifrinternational,com 


What Allows Our Mobile Radio 
To Rise Above the Competition? 


Standard Features 
® Front Firing Speaker 
© 25/12.5 kHz Narrowband Operation 
® 6.25 kHz Frequency Stepping 
@ LCD Alpha-Numeric Display 
© Five Programmable Function Keys 
© Two-Levels of Priority Scanning 
® Eight Character Alpha Tags 
© LTR® Compatible 


Truwserypt, EMehnson, LTR and C¥P une registered ceademurky of framserypt fyemational, Ine 


9800 Intruder Mobile 


The Features. 
LTR-Net™ Features 


® Unique Radio ID 


Electronic Serial Number 
Identification 


© Direct Radio-to-Radio Calls* 
® Direct Inward-Dialed Phone Calls* 


© Backward Compatible with Existing 
LTR Systems 


© Cross-Band Calling Between 
Subscribers on UHF, 800 and 
900 MHz channels 

© Over-the-Air Management 


¢ Roaming with Auto-Registration 


* DTMF microphone required 


BEFjohnson 
A Product of TRANSCRYPT- 
4800 NW Ist Street ¢ Lincoln, NE 68521 U.S.A. 


800-765-5365 » 402-474-4500 © Fax 402-474-4858 
www.transcrypLcom 
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Voice Privacy Features 


® Plug-In Scrambling 
® High and Medium Security Options 
* Hop Rates Up to 1000 Times a Second 


® Automatic Reception of Secure and 
Non-Secure Signals 


© Over-the-Air Programming With 
Radio Disable 


© Compatible With Transcrypt CVP® 
Scrambling (SC20-410/430/460) 


* Front Panel Clear/Code Activation 


® Visual Clear/Code Mode Indication on 
LCD Display 


LTR-Net™ js a trademurk of Tratserypt lotermtional, dae. O18 Trunserypt huernaional, tne 
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Making the machine smarter 

David Keckler 

How is communications test equipment designed? How are the needs 
and suggestions of technicians translated into the capabilities of the 
next generation of test and measurement sets? To learn this, MRT 
Features Editor David Keckler visited with David Hagood, design 
engineer with IFR Systems. 


Connector selection design criteria 

Paul Andreescu and Robert Perelman 

Designers must consider a variety of performance issues when 
selecting connectors for antenna feeder cables. 


Simulcast design for the Flex paging protocol 
Slim Souissi, Ph.D., Stephen Sek and Casey Hill 
An efficient simulcast system design can meet the performance con- 
straints imposed by the pager. Power and delay management tech- 
niques can bring the performance of the coverage area within the 
power-imposed sensitivity and SDS limits 


Remote testing of EDACS trunking systems 

Jeff Ashley 

An enhanced simulcast configuration provides for testing of each 
channel in a trunking system. 


Technical information for paging, trunking and private wireless networks. 
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On the cover: Test equipment relies increasingly on software to provide a range of procedures, such as diagnosing 
trunking control sites. Photo by D.A. Keckler; cover design by Scott Dolash, associate art director. See story on page 16. 
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8 dBd gain 


Model No. 
101-90-08-0-01 


the entive 806-960 MHz range. 


Operates with 1.35:1 VSWR over 


Broadband 
Collinear 
Antenna 


154 MHz Bandwidth 


10° Vertical Beamwidth 
1000 Watt Power Handling 
225 mph Rated Wind Velocity 


With three patents pending, this omnidirectional collinear 
array antenna adds anew dimension to conventional base 
station antenna coverage. Its true corporate-feed design 
improves pattern control, allowing higher gain from a 
shorter antenna. Alt only 9.5 feel, it’s built to survive ice 
and the fiercest storms. With optional 3° or 5° downtilt, 
plus one model covering SMR, Paging, GSM and Cellular 
applications, this antenna is the first to offer “one-size-fits- 
all” performance for virtually any application. 


TX RX Systems Inc. 
8625 Industrial Pkwy. 
Angola. NY 14006 

Ph: 716-549-1700 

Fax: 716-519-4772 
Email: sales@ txrx.com 
Web Site: www.txrx.com 


cy 
\/ —e ba 
niht A member of Bird Technotogies Group 


TECHNOLOGIES GROUP 
Circle (5) on Fast Fact Card 


Ty & Rx Multicouplers « Tower Mounted Preamplifiers * Signal Boosters « Duplexers * Cavity Filters * RE System Products 


——_ fie 


Tainted spectrum 


MRT received a 
fax at the end of Sep- 
tember that read, 
“News Flash! FCC 
enforcement staff in- 
vades local Denver 
radio two-way deal- 
ers en masse. Twenty 
to 30 inspectors ap- 
peared unannounced 
last week to inspect 900MHz business sys- 
tems...” Depending on how you look at it— 
invades or inspects—it looks like the FCC is 
up to something in Colorado. 

What is the FCC doing? According to 
Denver operators and the Industrial Telecom- 
munications Association (ITA), some radio 
dealers are committing illegal acts, 

Here’s an example of what's happening: A 
private business with 10 employees applies for 
10 channels for private company use, The FCC 
grants the license (although a business is only 
eligible for one channel per 70 mobiles—the 
FCC doesn’t necessarily verify the need). A 
radio dealer connects with the private com- 
pany, takes some of its not-for-profit channels 
(900MHz YU spectrum) and sells airtime to 
end-users. The private company obtains the 
license under false pretenses, and the dealer 
uses the not-for-profit license to make a profit. 
Meanwhile, other dealers pay nearly $1 mil- 
lion in an FCC auction for 900MHz channels 
for commercial use, and, accordingly, charge 
their customers higher rates. 

This has been happening for a while, and 
dealers are bold enough that almost everyone 
is talking about it. Local operators are talk- 
ing, ITA is talking and manufacturers’ repre- 
sentatives are talking. The FCC is not. It had 
no comment about the situation in Denver. 

The number of dealers doing this is diffi- 
cult to verify. A lot of people say they know 
of someone who’s doing it. It’s possible that 
these dealers didn’t think they would get 
caught, and if they did, that the FCC wouldn't 
do anything. Its past enforcement record is 
poor, according to MRT columnist Robert 
Schwaninger (August 1998 MRT) and to Stan 
Reubenstein, a Denver manufacturers’ rep. 

Reubenstein said that Denver is a sort of 
test market anyway, and the FCC had done 
an audit of all the local SMRs before. 

“They came back to us [our company], and 
said, “You know, you were the only one that 
was compliant.’ We said, ‘That's very nice, 
what are you going to do to the other people?’ 
They said, ‘Nothing,’” Reubenstein said. 

The FCC may act this time. At WCE of 
this year, the FCC and ITA announced a 


Memorandum of Understanding to institute 
technical and administrative protocols 
whereby interference by non-compliant and 
unlicensed users would be addressed by fre- 
quency advisory committees, such as ITA. 

“Remember the MOU?,” Mark Crosby, 
president of ITA, said. “That's what this is.” 

Crosby said that using private wireless 
channels for profit violated the rules. “In pri- 
vate pools, at 800MHz and/or 900MHz, there 
can be shared systems. But everybody on the 
system needs to be licensed, and the second 
person needs approval from the first person 
and so on. It’s done on a non-profit basis,” 

A local operator (we'll call him “Joe”) 
does not think that what dealers are doing is 
necessarily wrong. He said that Nextel Com- 
munications would monopolize the market 
otherwise, and may do so if these dealers’ 
licenses are revoked. He also said that the 
FCC had not been helpful in the past. 

“There are ways and proper procedures to 
utilize the spectrum in that capacity. But for 
my experience on a continued basis, the FCC 
will not respond or has never set any kind of 
resolution on that type of spectrum. And in 
order to get any information on how to com- 
ply with that, it’s a shot in the dark. It’s a gray 
area. In the last three years, 1 have just re- 
cently gotten the FCC comment on it, I think 
it’s an issue that should be addressed in more 
of a helpful and a promoting manner instead 
of a restricting, let’s-get-control-and-shut- 
them-off-type manner,” Joe said. 

But Crosby and “legitimate” operators 
have a different perspective. “The rules are 
codified in Part 90, clearly. We have to man- 
age the spectrum for private wireless. Any of 
those dealers could have called ITA (or any- 
body else) and just said, ‘How do I do this 
right by the rules?’ The rules are in place to 
protect the public. J] have no sympathy,” 
Crosby said. 

He said he didn’t see the relevance of 
Nextel in the issue at hand in Denver. 

Frontier Radio in Denver, a Motorola 
dealer, holds a Metropolitan Trading Area 
(MTA) license for which it paid $800,000 in 
the 900MHz auction two years ago. The li- 
cense allows Frontier to sell subscriber units 
and airtime to end-users legally. Tom Reuter, 
the owner, said that Frontier has lost business 
to the “legal guys” because they can charge 
so much less. 

Joe the operator plead the case for lower 
prices for end-users. “The interesting thing 
about this piece of spectrum is: With the abil- 
ity for small companies to come in and use it 
like they're doing right now, that enables a 
much lower cost to the end-user for wireless 
radio service. What happens is: When these 
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companies disappear, and the MTA holders 
control the market, they’re going to have lo 
raise rates probably three times on the con- 
sumer in order to pay for the license that was 
received from the FCC,” he said. 

But the way these dealers may operate is 
not how the government set iLup. Crosby said 
that the FCC allocated spectrum for certain 
uses, and that’s how it has to be. 

“They made an allocation of frequencies 
for private wireless internal use, and they 
made an allocation for commercial use. Go 
bid. Don’t fool in the private wireless bands. 
I will not have it tainted,” he said. 

For whatever reason, maybe Joe doesn’t 
have much of a chance in an auction where 
spectrum costs a million dollars. 

Reuter compared the spectrum licenses to 
business licenses. “You have to buy a busi- 
ness license for any business you're in. If you 
have to buy a business license that costs a 
million dollars, and some people got one for 
nothing, it would be tough to compete with 
them. We didn’t have enough money. We 
went out on a limb, I’m anticipating that we'll 
be able to compete with all the cellular people 
and all the other legal people and go out and 
sell radios and pay my debt off,” he said. 

What will happen to dealers operating il- 
legally in Denver? Will the FCC really take 
away their licenses and those of private sys- 
tem operators with whom they have “arrange- 
ments?” What happens to that extra spec- 
trum? Will it be saved for further private 
business use and licensed as businesses ap- 
ply, or will it go to the commercial auction 
block? 

Joe’s suggests that some kind of deal be 
made. “The people who are utilizing the spec- 
trum in that capacity should have the oppor- 
tunity to purchase it from them.” 

But Crosby said, “No deals. If the ITA 
continues to have a role, I'm not in favor of 
any deals. The deal is you operate by the 
rules, If you have customers that need to be 
licensed, then you need permission from the 
license-holder. If the initial license-holder is 
over-licensed and never will have the capac- 
ity, those licenses need to come back.” 

The MOU is good if it resolves complaints. 
Maybe after this incident, the ITA will be able 
to resolve other complaints without involv- 
ing the FCC, Whatever the case, it doesn’t 
look good for the two-way radio dealers who 
are operating dangerously close to the edge, 
and the ones who have already gone over. 
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Remember what got you here: No gimmicks, no monkey 


Busitiess; just solid RF design strategies coupled with selecting 
the best infrastructure onthe market. 


PCS Site 
San Diego 


At DAPA we offer a most 
comprehensive product line 
of site antennas, keeping in 
line with RF planning, 
aesthetics and zoning 
restrictions. We concentrate 
on a proven metal strip-line 
feed technology, unlike any 
other. It is proven to 
produce continuous peak 
performance, repeatability 
and peace of mind. 


Not to mention our ap- 
proved vendor status in 
cellular and PCS networks 
around the’globe, including 
the first operational PCS 
system inthe United States. 


Oh yeah, and don’t forget to tangle with us onthe web, 
http:\\www.dapacom.com, where you can get the latest 
in product developments, antenna data, patterns, and 


Spec sheets. 


Ponder no longer. 
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NEXT MONTH - MRT BUYERS’ GUIDE 


FEATURES: 


Product directory: More than 100 categories of equipment for the mobile 
radio industry are listed, as well as more than 1,000 suppliers, 

Services directory: Mobile radio services such as accounting and billing. 
consulting, repair, technivian truning, tower installation and tower space rental, 


LSO: 
Index to 1998 features 
Don Bishop's editorial 


Company addresses: An alphabetical listing of more than 1,000 suppliers 


and service providers appears in this section, 


Brand names directory: Sort out which company is associated with specitic 
mobile radio industry brand names in this alphabetized listing. 


REGULATORY CONSULTANT 
Robert H. Schwaninger Jr.. Brown and Schwaninger, 
Washington, DC 


EDITORIAL ADVISORY BOARD 

John Abbey, The Abbey Group 

Gene A. Buzzi, Omnicom Telecommunications 
Engineering 

Jack Daniel, The Jack Daniel Company 

Gary David Gray, P.E., Orange County 
Communications 

Frederick G, Griffin, P.E., Frederick G. Griffin P.C. 

Jim Hendershot, Radio Design Group 

Samuel J, Klein, Cellular Design 

S.R. MeConoughey, P.E., Mobile Communications 
Consulting 

Art McDole, Salinas, CA 

Tony Sabino, Regional Communications 

Herb Sachs, Herb Sachs Consulting 

Robert C. Shapiro, P.E., Strategic 
Telecommunications 

Leon Spencer, Exxon Computing Services 
Company 

Gregory M. Stone, Ph.D., Quantum Radionics 

Raymond C, Trott, P.E., Trott Communications 
Group. 

William A. Wickline, P.E.. Mentor, OH 


ADVERTISING SALES OFFICES 


OVERLAND PARK, KANSAS 
Joyce Bollegar, 913-967-1840, 
East Region (including Eastern Canada) 
Fax: 913-967-190] 
Email: joyce_bollegar@intertec.com 
Dawn Rhoden, Classifieds, 
913-967-1861, Fax: 913-967-1735 
Lori Christie, List Rental Services Representative, 
913-967-1875, Fax: 913-967-1897 
9800 Metcalf Avenue 
Overland Park, KS 66212-2215 


Joyce Bollegar 


EDITORIAL 

Don Bishop, Editorial Director 

David Keckler, Features Editor 

Nikki Chandler, Associate Editor 

Emily Reid, Editorial Assistant 

Harold Kinley, C.E.T., Contributing Editor 


DESIGN 
Scott Dolash, Associate Art Director 


BUSINESS 

Cameron Bishop, President, Communications 
& Entertainment Division 

Mercy Contreras, Group Publisher 

Patricia Zahner, Director of Marketing 

Karen Clark, Marketing Services Supervisor 

Sheryl Ammon, Advertising Production Coordinator 

Nancy Hupp, Director, Corporate Advertising 
Services 

Patti Lee, Classified Advertising Coordinator 

Tom Cook, Group Senior Managing Editor 

Doug Coonrod, Corporate Creative Director 

Stephanie Hanaway, Director of Marketing and Com- 
munications, Exhibitions & Conferences Division 


PRIMEDIA Intertec 

Raymond E, Maloney, President and CEO 

Nick Cavnar, Vice President of Circulation 
Barbara Kummer, Circulation Director 

Julie Neely, Circulation Manager 

Customer Service, 800-44/-0294 or 913-341-0294 


PRIMEDIA Information Group 
Curtis Thompson, President 


PRIMEDIA Ine, 

William F, Reilly, Chairman and CEO 
Charles McCurdy, President 

Beverly C. Chell, Vice Chairman 


SANTA ROSA, CALIFORNIA 

Dennis Hegg, West region (including Alaska, 
Hawaii and Western Canada) 
Phone: 707-541-3763, Fax: 707-541-3721 
Email: dennis_hegg@intertec.com 
3428 Mendocino Ave. 
Santa Rosa, CA 95403 


ENGLEWOOD, COLORADO 

Mercy Contreras, Group Publisher, 303-220-4245 
Phone: 303-793-0448 
Fax: 303-793-0454 
5660 Greenwood Plaza Bivd., Suite 350 
Englewood, CO 80111 


OXFORD, ENGLAND 
Stephen Bell, /nternational 
Phone: +44 181 286 8889 
Fax: +44 181 286 8898 
P.O. Box 98 
Worcestor Park, Surrey, KT4 8WB 
United Kingdom 
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Robert H. Schwaninger’s 
“In the Public Interest.” 
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CORRESPONDENCE: Editorial correspondence 
should be addressed to P.O. Box 12901, Overland 
Park, KS 66282-2901. tel. 913-341-1300; fax: 913- 
967-7250; mrt@intertec.com 


MOBILE RADIO TECHNOLOGY provides tech- 
nical information to dealers; to private wireless, pub- 
lic safety, public service, community repeater, SMR, 
ESMR, paging, cellular and PCS system operators; 
mobile radio equipment manufacturers: manufactur- 
ers’ representatives, distributors: engineering and 
consulting firms; national, state and local government 
and public safety agencies; transportation companies; 
petroleum and energy products companies; public 
utilties; and others allied to the field. 


PHOTOCOPY RIGHTS: Authorization to photo- 
copy items for internal or personal use, or the inter- 
nal or personal use of specific clients, is granted by 
PRIMEDIA Intertec, provided that the base fee of 
US $2.25 per copy, plus US $00.00 per page is paid 
directly to Copyright Clearance Center, 222 Rose- 
wood Dr., Danvers, MA 01923, USA. The fee code 
for users of the Transaction Reporting Service is 
0745-7626/1998 $2.25 + $00.00. For those organi- 
zations that have been granted a photocopying license 
by CCC, a separate system of payment has been ar- 
ranged, Prior to photocopying items for educational 
use, please contact CCC at 508-750-8400. Organiza- 
tions or individuals with large quantity photocopy or 
reprint requirements should contact Cherie Wood, 
913-967-7212. 


BACK ISSUES: Copies of most issues printed 
within the past two years are available for $10 per 
issue; older issues are not. Call customer service at 
800-441-0294. 


ARTICLE PHOTOCOPIES: Photocopies of indi- 
vidual articles printed since January 1987 may be 
ordered from UML at 800-248-0360. 


This publication is available from UMI in one or 
more of the following formats; online, microform, 
document delivery, and electronically, Call toll free 
800-521-0600, Ext. 3781, for more information. 
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It's Time t0 
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KENWOOD. 

FIFTY YEARS Of 
ENGINEERING... 

FOR SITUATIONS JUST 
LIKE THIS. 


The true test of your 2-way 


radio is in an emergency 
situation. This ts when you 
know you can depend on 
Kenwood. All Kenwood 
radios are durable. 

with rugged Mil Spec 
construction. Theyre easy 
to use with convenient 
and versatile features 


Call us about our 
TK-230/330 portable with a 
channel group selector knob 

for choosing new channels on 
the fly and enunciator tones 
so you hear all channel 
changes, Like our full line 

of mobiles and portables, 

the TK 230/330 meets or 
exceeds military and industry 
standards in |3 categories. 
You can feel, hear and see the 
difference Kenwood makes 


when it counts 


KENWOOD 


1$O.9001 
ALWAYS COMES THROUGH JQA-1205 


KENWOOD COMMUNICATIONS CORPORATION * FAX (310) 761-8246 * hitp://www.kenwood.net 
CALL FOR YOUR FREE PRODUCT GUIDE: 1-800-950-5005 
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November 

4-5—ENTELEC and UTC Joint Seminar on 
Emerging Wireless Communications, Adams 
Mark Hotel, Houston. Contact: 202-872-0030; 
www. utc,org. 

11-15—Communications Marketing Confer- 
ence, sponsored by the Communications Market- 
ing Association, San Diego Princess Resort, San 
Diego. Contact: Bernie Brownson, 303-371-8182. 
12-13—AMTEX, sponsored by the American 
Mobile Telecommunications Association, 
Fontainebleau Hilton, Miami. Contact: 202- 
331-7773. 

12-13—Third International Congress on Com- 
mercial Trunked Radio, sponsored by the Inter- 
national Mobile Telecommunications Association, 
Fontainebleau Hilton, Miami. Contact: 202- 
331-7773. 

15-18—Telecommunications Resellers Associa- 
tion Fall Conference and Exhibition, sponsored 
by TRA, Marriott's Orlando World Center, Or- 
lando, FL. Contact: 202-835-9898. 

20—Radio Club of America Communications 
Symposium, 89th Anniversary Dinner 
and Awards Presentation, New York Athletic 
Club, New York. Contact: Gerri Hopkins, 
908-842-5070. 


1999 


February 
8-10—Wireless, sponsored by the Cellular Tele- 


communications Industry Association, Ermest 
Morial Convention Center, New Orleans. Con- 
tact: 847-940-2155. 


March 

8-9—Specialized Wireless Communications 
Management Conference, sponsored by AMTA, 
San Diego. Hilton Beach and Tennis Resort, San 
Diego, Contact: 202-331-7773. 
15-16—Wireless Interconnection ‘99, spon- 
sored by Bellcore, Orlando Marriott - Interna- 
tional, Orlando, FL, Contact: 800-521-2673. 
28-31—ENTELEC, sponsored by the Energy 
Telecommunications and Electrical Association, 
George R. Brown Convention Center, Houston. 
Contact: 281-357-8700, 


April 
28-30—International Wireless Communica- 
tions Expo, co-sponsored by Mobile Radio Tech- 
nology, Las Vegas Convention Center, Las Vegas. 
Contact: 800-288-8606. 


Miay 
10-13—Telecommunications Resellers Associa- 
tien Spring Conference & Exposition, San 
Diego Marriott. San Diego. Contact: 202-835- 
9898. 


June 
1-3—Canadian Wireless, sponsored by the 


Canadian Wireless Telecommunications Associa- 
tion, Vancouver, Canada. Contact: 613-233-4888, 
ext. 102. 

27-July 1—UTC Telecom '99, sponsored by 
UTC, Nashville, TN, Contact: 202-857-1881. 
28-29—Leadership Conference & Annual 
Meeting, sponsored by AMTA, ANA Hotel, 
Washington, DC, Contact: 202-337-7773. 


July 
14-16—Communications Expo/Show of the 
Americas, Miami Beach Convention Center, 
Miami. Contact: Jackie Gonzales, 305-412- 
9000. 


August 

8-12—Association of Public-Safety Communi- 
cations Officials-International (APCO) 
National Conference, sponsored by APCO, Min- 
neapolis, Contact: 904-322-2500, 
17-18—Wireless Interconnection ‘99, spon- 
sored by Bellcore, San Francisco Marriott - 
Fisherman’s Wharf, San Francisco. Contact: 800- 
521-2673. 


September 

23-25—Personal Communication Showcase, 
sponsored by Personal Communications Indus- 
try Association, New Orleans. Contact: 703-739- 
0300. 
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ully Analyzed. 


Anritsu portable spectrum 
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In range. Performance. 
Portability. And value. 
Frequencies up to 40 
GHz - 110 GHz with Anritsu 
MS2668C external mixers — handle any 
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Up to 110 GHz 
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formance. With dynamic 
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below -110dBm. 

MS2665C And a synthesized local 
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- tracks. So whether you analyze 
AM/EM signals, digital mobile 
communications, CATV equip- 
ment or frequencies into the 
mm range, Anritsu delivers 
heavyweight performance in 
a small 22 pound package. 


MS2667¢ 
9kHz to 30GHz 


And you get something 
more. More for your money. 
ee So when you analyze the 
on lepcii need, you'll see there’s no real 
MS2653B/63B/63C Pan | ; 
QkHz to 8GHz option. There’s a new standard 


oon — in spectrum analyzers. Call 
mae 1-800-ANRITSU today. 


Fully Featured. 
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filtering 
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MRT’s new appearance 
Thanks for the new improved appearance 
of the MRT publication. It continues to be 
given the class it rightfully deserves. I enjoy 
receiving each issue of this captivating elec- 

tronics publication. 

—Jack Forbing 
Presideni/system trustee 
Northeast Indiana UHF Associates 


It’s a different world 
] really appreciate your magazine and look 
forward to receiving it each month, | work for 
a large utility here in California as a telecom 
tech. This is a different world from two-way 
radio where I started out. MRT helps me stay 
in touch with the latest in the two-way world. 
—Jon Withelm 
Telecommmunications technician 
Pacific Gas & Electric Co. 


bispatching Hell? 


Get out of the heat with Vega’s model C-6124, 
with its cool touch-screen and independent line 
selection. The C-6124 offers up to 24-line control, 


instant PTT, and loads of additional features. 


Any line can he configured as a dedicated 2/4 
wire radiocircuit, dial-up access or full duplex con- 
ventional PSTN telephone circuit, (simply plug in the 
appropriate module). Any combination of \ines can 
be set-up in a crosspatch mode. C-6124 with it’s 
future expandability will keep you out of the inferno. 


Me 


Signaling Products Group 


GA lI 


9900 East Baidwin Place 
& Monte, Califomia 81731-2294 


Telephone: (626) 442-0782 
Toll-Free: 800-877-1771 
Fax: (626) 444-1342 ¢ FaxBack: 
(626) 444-2017 / 800-274-2017 
email: vega_signal@ earthlink.net 
www. vega-signaling.com 
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Link Radio question 

What a wonderful article on Fred Link in 
the August 1998 issue of MRT. 

In discussing Link Radio (p. 24), you 
wrote; “Luck ran out with the sale of the 
business... His buyers came under federal in- 
dictment for reasons I never learned and di- 
verted company resources to pay their legal 
expenses. Link Radio was in Chapter 11 
bankruptcy by 1952 and was liquidated in 
1953;,::" 

I never knew this interesting but sad facet 
of Link Radio. My father, Faust Gonsett, 
founder of the Gonsett Company, purchased 
the assets of Link Radio somewhere in the 
1950s as I recall—perhaps picking up the 
pieces from a bankruptcy sale (although this 
was never mentioned and is only speculation 
on my part). 

What company or who was Link Radio 
originally sold to? 

Many thanks for continuing to publish an 
excellent magazine. 

—Robert F. Gonsett 
Communications General Corp. 


Editorial Director Don Bishop's response: 

The name of the company or the names of 
the individuals who bought Link Radio are 
difficult to verify. I heard the late Stu Meyer 
speak the names, but too fast for me to memo- 
rize or make note of them. Fred spoke the 
name of one of the buyers once, but again, 
under circumstances that prevented me from 
memorizing or recording the information. 

Neither Fred nor Stu thought of the result 
of the sale of Link Radio as being positive, 
and they were not inclined to give me details 
when J might record and disseminate the in- 
formation for history. Although my close 
friendship let me hear many of their stories, 
it also constrained me from prying unhappy 
memories from them. A third party might 
have been able to interview them about some 
of the business transactions that were less 
successful than the ones that made for enter- 
taining stories. That information would be 
essential for a conventional biography. 

I telephoned Tom Amoscato, who was 
with Link Radio in the early years. He said 
a man named Black, and two others named 
Murray Platt and Sam Paul were the pur- 
chasers of certain assets of Link Radio when 
it was liquidated. As I talked with Tom, he 
said, “Hold on, I'll ask my officer manager 
who also was with Link Radio.” When he 
came back on the line, he had Mr. Platt’s 
first name and the name of Sam Paul, which 
he did not at first recall. Neither he nor the 
office manager remembered Mr, Black’s first 
name, 
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in the public interest 


The tower industry: 
Heading to hype 


By Robert H. Schwaninger Jr. 


The tower industry is trying to keep 
pace with the rest of the telecommunica- 
tions industry. That is to say, the tower 
industry has gone a little nuts. 
With skyrocketing prices, over- 
night experts and overheated fi- 
nancial markets, the tower indus- 
try is showing all of the hubris 
that other market segments have 
enjoyed and suffered. 

About 15 years ago, I was 
talking with one of my clients 
when the subject came around to 
his tower. The structure, a 300- 
footer with a half-dozen sticks 
on it, was used to support the 
client’s community repeater busi- 
ness. He also had a few public 
safety tenants depending on the 
tower to serve the county. 

I asked him what he was charg- 
ing the public safety guys, and 
he told me the rent was about 75 
bucks a month. This seemed pretty 
cheap to me, so | asked him where 
he came up with the rental rate. 
He couldn’t tell me. All I could 
think of was that he had a good 
piece of commercial real estate 
that was netting him about the 
cost of the gasoline for mowing 
the grass around the guy wires. 
That’s when I knew that the tower 
industry was screwy. It still is. 

Over the years, | advised my 
clients to invest more in towers 
and sites. The rate of return was 
steady: high and getting higher. 
Attention was shifting to the un- 
recognized value of these metal 
giants, and with the advent of 
nationwide paging, cellular and 
PCS systems, the rents were keeping pace 
with increasing values. Some of my two-way 
clients are capturing more in “passive” in- 
come off of their towers than they ever made 
selling two-way equipment. The tower boom 
was on, and the sky was the limit. 
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NIMBYs and numbskulls 
It had to happen. Just when things are 


Schwaninger, MRT's regulatory consultant, is a partner 
in the law firm of Brown and Schwaninger, Washington. 
He is a member of the Radio Club of America. 
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SITE SOLUTION PROSE: 


going along great, the job gets harder. First 
there were the NIMBYs, as in “Not In My 
Back Yard.” Towers are big and scary and 
ugly and look like they produce more elec- 
tromagnetic energy than Chernobyl. Silly 
rumors about the health risks of radio op- 
erations began to circulate and gain speed 
with the bogus cellphone cancer scare. 
Next thing you know, you've got every 


wer Less? De You FEEL. 
COMFORTABLE. ABOUT YouR, 


NA 
NROLG wm 
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tree-hugging, owl-kissing. crystal-gazing, 
earth-mother type talking about the dan- 
gers of radio towers. Bull. 

We prepared a study in cooperation with 
a licensed, professional engineer who tests 
and designs RF equipment for a living. 
The study compared the level of RF radia- 
tion that a person would receive from a 
500W paging transmission (operated in 
direct line [main lobe], without blockage, 
at 100m) with the RF radiation that same 
person would receive operating household 
appliances. Guess what? June Cleayer's 
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the. RF GAINE. 
PROSRAM/” 


Illustration by John Hayes 


being bombarded with more RF energy from 
the vacuum cleaner than from the paging 
transmitter. Add the TV, the blender, the PC 
and the automobile—and the Beaver’s 
cooked, Well, not really. 

The truth is that NIMBYs don’t like 
towers because they ain't pretty, and some 
of them blink at night. NIMBYs do want 
their cellphones. They want the efficiency 
and safety of fire and police com- 
munications. They just don’t 
want the tower. Now, there's a re- 
alistic position. 

So, sensing the pulse of 
America (read, “large carrier lob- 
bying and contributions”) the 
feds passed the Telecom Act of 
1996 that in essence says local gov- 
ernments cannot deny zoning based 
on RF emissions standards, as long 
as the tower meets the federal expo- 
sure standards (which didn’t exist 
when the law was passed). This set 
off a firestorm of protest from local 
governments that claimed that the 
feds had overstepped their 
bounds and were improperly 
usurping slates’ rights. 

Lines were drawn and the prob- 
lem is still being negotiated. Re- 
cently, the FCC and some private 
associations created an arbitration 
board to resolve disputes. The fact 
that the board and its participants 
lack any legal authority to enforce 
its decision, unless the local gov- 
ernment agrees, seems to have been 
ignored. But it makes for nice-nice 
window dressing. Sometimes the 
illusion of progress is the real 
goal. 
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‘Collocation’ and other buzzwords 

To create some sugarcoating 
for the medicine of carrier's 
machinations forced down the 
gullet of local governments, the 
new buzzword “collocation” has 
come to the fore. Spearheaded by the Site 
Owners and Manager's Association (SOMA), 
a wholly owned division of PCIA, tower 
owners are telling local governments 
“We've got a plan! We'll try to hold down 
on the number of towers in your neighbor- 
hood by encouraging carriers to collocate 
on the same structure.” Anyone familiar 
with carpooling can understand this 
concept in a flash. 

To kick off its collocation program, 
PCIA sent out a hip-deep pile of press re- 
leases and requests to the U.S. Department of 
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Justice (DOJ) seeking “approval” of its pro- 
gram. PCIA sought a DOJ decision on 
whether encouraging collocation of carriers 
on sites violated anti- 
trust laws. My conver- 
sation with a guy at 
DOJ who worked on 
this case suggested that 
he couldn’t understand 
why the question was 
even asked, but he was 
doing his job. 

One can easily deduce the reason for 
the DOJ’s reaction to PCIA’s request and 
why approval was a foregone conclusion. 


The ads tell you that the 
company is the biggest 


or the fastest or “feels” 
your siting needs. 


Companies “‘collocate™ all the time in of- 
fice buildings. Why not on towers? The ques- 
tion was silly and the approval was meaningless. 
So why’d PCIA even 
ask? 

PCIA got about 
50 stories out of the 
trade publications 
about its seeking ap- 
proval, fighting for 
approval, getting ap- 
proval and acting on its approval. It created 
something called the “collocation clearing- 


house,” which presumably is cooler than the 
old, moribund SOMA Web site. Now, SOMA 
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members and others are being asked to pony 
up a bunch of dough to list sites on the new 
collocation Internet site, which is more com- 
plicated to master than a Rubik’s Cube and far 
less satisfying. 

The whole affair smacks of a gimmick 
to increase membership in SOMA and 
make money off the GENUINE, OFFI- 
CIALLY APPROVED, ALL-NEW Web 
site. But then, | guess I’m just overly sen- 
sitive about an association that uses the 
DOJ like a rock star giving testimonials 
about pantyhose. DOJ didn’t say the idea 
had merit, only that it didn't violate any laws. 


Consolidation nation 

And with success comes consolidation. 
The big, BIG money guys have awakened 
to the potential of towers, bringing their 
investment bankers, CFOs, [POs, and 
Armani-suited mentality to the industry. 
Towers are being bought in bunches at NV 
times cash flow adjusted for amortized 
debt and earnings ratio over cost per pre- 
tax payment on a lightning arrester. 

You always know when the institutional 
investors get into the act, The advertising 
changes. Instead of leasing space, they're 
selling image. Check out the ads. Instead 
of the ads telling you where the tower is 
and how tall it is, the ads tell you that the 
company is the biggest or fastest or that 
the company “feels” your siting needs. No- 
where in the copy does it simply tell you 
about the product: tower space. 

I've examined the financials of some of 
these artsy advertisers. They're buying 
towers. They're selling stock. They're cre- 
ating terrific financial vehicles to tantalize 
Wall Street with expected earnings. What 
they aren’t doing is leasing space and get- 
ting the earnings necessary to support their 
companies. Once again, these financial 
whiz kids are great at making a company 
big. but can’t be bothered with making the 
company truly profitable. 

A word to these would-be world-beat- 
ers in the tower industry; Don’t forget that 
Wall Street severely punishes those com- 
panies that year-in and year-out speak only 
about cash flow and cannot show positive 
earnings. Learn from the paging industry. 
Wall Street is not a patient investor and 
two years of negative earnings will guar- 
antee a stock price that is about the same 
as the cost of a McDonald's Happy Meal. 

On the whole, however, the tower in- 
dustry is quite healthy. Expectations are 
running a bit high. and demand for space 
will not reach expectations, leaving some 
of the players chasing debt service. But 
the industry is solid—as long as people 
avoid the hype, the gimmicks and the blue 
sky, and do the job of building and leasing 
sites. There simply are no shortcuts. 


PY a 


Uns roa 


“Wir be stepped what: widraroiee aes 
Communications System Analyzers can be 
Subjected to — and still perform.tike champs. 


‘ i ea cee Nothingyseems to faze these mighty work- 
pa: eC horses ‘when it comes to testing conventional 
and,trunked-radios, pagers and* cellular 
phones*with optimum precision. Not only are 
our Analyzers built’ Motorola-tough, they’re 

hi 2 EF se easy to use, And.they’ré-portable, besides. 


For more information, we invite you. to-call 
us today. Ask about our easy leasing plan — or- 
: charging. your purchase to your Visa°/ 

er eg, Eee MasterCard® charge card: When. it comes.to 

Sea's rugged: dependability, all roads lead to 
Motorola. 


800-505-TEST 
818-365-5742,.Dept, 439 FAX 
www.mot.com/test 


TRUST : (Aa) MOTOROLA 


* and Motorola are registered trademarks of Motorola, Inc. “The Test You Can-Trust" 

and “What you, never thought possible” are trademarks of Motorola, Inc. All other 

marks and: trademarks are the property of their respective companies. ‘ r ii 
© 1997, Motorola, inc, What you never thought possible. 


Circle (8) on Fast Fact Card 


rhegees 


| was 4639 7 


IFR Systems Design Engineer David Haj o Etests.an Ericsson 
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How is communications test 
equipment designed? How are 
the needs and suggestions of 
technicians translated into the 
capabilities of the next genera- 
tion of test and measurement 
sets? To learn the answers to 
these questions, MRT Fea- 
tures Editor David Keckler vis- 
ited with David Hagood, design 
engineer with IFR Systems. 
Based in Wichita, KS, with 
subsidiaries in Beaverton, WI, 
and Chandlers Ford, UK, IFR 
has been developing test 
equipment for communica- 
tions, avionics and general 
measurement since 1968. In 
recent years, the company has 
acquired other test equipment 
manufacturers such as York 
Technology and Canadian 
Marconi. IFR’s COM-120B ser- 
vice monitor, introduced in 
1995, is widely used in the 
land mobile radio market. 
Hagood is an electrical engi- 
neer, who primarily designs 
software. For several years he 
has been the lead software 
designer for the COM-120 se- 
ries. He is also an amateur 
radio enthusiast familiar with 
the technician's tasks, and he 
performs the maintenance on 
his ham group’s repeater. 


MRT; Does your own ability to function 
as a technician help with design? 

Quite a bit. For example, there was a fea- 
ture that showed up in version 408. The track- 
ing generator used to be only at the same 
signal as you were looking at. So one day | 
was aligning the IF of an amateur repeater, 
and saying to myself “I'd like to be able to 
stimulate the thing at the receive center fre- 
quency and look at the IF and see my IF re- 
sponse. Wait a minute, there’s no hardware 
reason why | can’t do that.” So I knocked that 
in as a proven concept, and marketing saw 
that and said “Make it so!” Because I do use 
the unit, [ can have a feel myself for features 
that are useful from a technician's point of 
view. 

MRT: You've said that Y2K (MRT August) 
compliance is basically a non-issue for the 
software in your units. 

We did it right the first time. The only 
other date-related issue is that we're using 
MS-DOS format internally, so there are the 
same 25 or so internal counters for the DOS 
date stamp for the files system, but that’s just 


because of the nature of a DOS file system. 
The only other information we use is for cali- 
bration date. Well, [ store the full date as an 
inside integer, which means I've got until the 
year 32,767 before it gets to be a sticky issue. 
[ implemented the full leap year calculation, 
so it knows that 2100 is not a leap year and 
2000 is. If you're going to do it, do it right. 
I'm not programming in the days of COBOL 
and machines with inadequate memory. 

MRT: How much of the software in the last 
generation of the COM-120B system is new? 

I'm personally responsible for probably 
about 35% of the code that’s in the box to- 
day. It started out running on a 188 micropro- 
cessor; now it's running on a 486. It started 
out with 0.SMB of memory reserved for pro- 
gram storage; currently, it’s running about 
11.5MB of program storage, program code. 
We've added the EDACS protocol, we've 
added the MPT 1327 trunking protocol and 
a lot of little features. We added the PCMCIA 
file system support. A feature that we wanted 
to put in, then decided against putting in, then 
decided against against putting in, is remote 
programming language. You can write appli- 
cations that run entirely within the box. We 
have a language that we call TMAC, that al- 
lows you to write your own applications, so 
you can write a program and have it resident 
in the box, and that program can do very 
sophisticated tests. We can directly access the 
screen and do things on that screen. We have 
application programs that you can buy, load 
into your 120 and run, to automate testing a 
cell] site, or automate testing a radio or do 
more sophisticated tests than what we saw fit 
to build in. So it gives us a good way to meet 
a customer’s needs. 

MRT: Most options nowadays are already 
built in and are just triggered by activation 
codes? 

It depends. There are some options for the 
120, like an optional function generator, an 
optional amplifier to give you +13dBm HR 
that have to be done at a service center be- 
cause you have to take the unit apart and bolt 
something into it. But most of the functions 
in the 120 are software, so it's just a ques- 
tion of enabling those pieces of software. 

The nice thing about that is it lets the 
customer buy a unit—low-ball it—buy 
just the basic unit. Then, if they say, “Oh, 
darn, we need a tracking generator on the 
analyzer.” You say “Fine. What's your 
unit serial number. OK, here are the two 
magic numbers.” And our man— 
boom—has a tracking generator, and 
he’s not down for three days while the 
unit goes into the service center. 

MRT: So most of the test processing 
is now in the software that you've built 
into the unit, as opposed to it being just 
an information-gathering too! that has 
to be downloaded into a PC back at the 
shop? 


Right. Exactly. The application pro- 
grams—those you load into the unit—but we 
just send you a card that you plug into the 
unit that pulls the software into the unit and 
stores it in the unit’s internal memory. Like, 
if you were to buy the Auto-cell NT program, 
which is a resident macro program for testing 
cellsites, you plug the card into the front of 
the unit, the unit pulls the software off the 
card and stores it in its internal memory, and 
you now have that option, to run that 
software. 

MRT; How does IFR determine what the 
ergonomics of operating the unit will be? 
How do you decide on pressure switches vs. 
buttons, how the GUI (graphical user inter- 
face) for the screen will work? Does one per- 
son oversee the integration or is it a team 
effort with different angles of attack? 

It's a little bit of both. During the design 
phases, the project lead will have an overall 
vision of the project. But at the same time, 
people will come in and make suggestions. 
There’s a give-and-take through the initial 
phases of the design as to how things work 
out. Then you finalize on the design, and at 
that point, you either redesign a new box, or 
live within that design. For the 120, obvi- 
ously, by the time I became the software lead 
on the project, the hardware in the box was 
pretty well defined, and it was just upgrading 
the software and upgrading the processing 
hardware within the box. 

MRT: How much of the design of a test 
unit's screen, the GU]. is oriented to the user 
vs. what's convenient to the programmer or 
designer? 

Well, we try to make it as easy as possible 
for the technician. My time is paid for once, 
up front. His time is paid for every time he 
uses the box. If it’s a pain for him to use the 
box, then he’s not as likely to recommend the 
box, his boss isn’t as likely to buy it, and I’m 

not as likely to get my bonus, so we’ve tried 


to make it as easy as possible. There’s an on- 
going debate between two kinds of user in- 
terface: The 1200-style user interface with 
lots of knobs and switches and dials and 
buttons, and the 1600-type and 120-type in- 
terface where you have a screen and cursor 
locations on the screen. They all have their 
advantages and disadvantages. The nice thing 
with the 120 is, if you're on a specific cursor 
location, [ can give you all the functions per- 
tinent to that location at once, whereas with 
knobs and switches and buttons and dials, 
you sit back and say “Hmm. What knob do I 
twiddle to make this happen?” But at the 
same time, when you have your head poked 


in a repeater chassis, with your arm crooked 
around sideways holding a scope probe in 
one place, and now you're going to change 
the generator frequency, and you wonder 
“Am | in the right cursor field?” And that's 
where the 1200-style interface works. There 
are tradeoffs between the two interfaces. The 
ideal would be to have a little bit of both. 
That's something I hope to experiment with, 
with the user interface design, in the future. 

MRT; Which needs to get smarter? The 
machine, or the man? 

The machine. You’ve got a guy who has 
12 different types of radios, three different 
types of repeaters, 14 different types of tests 
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that he needs to conduct. He needs to prepare 
a printed form for the customer to show what 
was tested and how it was tested. If he tries to 
keep all that stuff in his head, he’s going to 
forget where he lives [laughs]. Test instru- 
ments are becoming—well, they’re a com- 
puter, basically. Let the computer store this 
information. More and more, that’s the direc- 
tion we're trying lo go in, we’re trying to be 
able 1o automate these tests. ... That’s why 
you try to make the base unit, the part that I 
do the most coding on, pretty flexible, and 
you give the applications guys all the tools to 
make all of these little tests a lot more easily. 
They can knock them out quick and they can 
knock them out cheap, and if the customer 
wants, he buys the programming manuals and 
writes his own applications, and he can auto- 
mate the tests. So the tech basically pushes 
the green button and does what it tells him on 
the screen. The techs will get smarter—they Il 
have to—but the machine is the one that has 
to get smarter, quicker. 

MRT: How do you know when to stop 
adding to the box, given weight consider- 
ations and other practicalities? 

That's usually part of marketing. You try 
and hit a certain weight target, a certain price 
target, and then you haggle. “Well, if want 
three hours’ battery life, we're going to have 
some batteries in this thing, and that’s going 
to add some weight. What are we willing to 
live without?” 

MRT: Are there certain problems with 
some of the frequencies in use right now, as 
far the degree of accuracy, that you can safely 
say you're measuring? 

We usually strive for the entire range of the 
instrument. So like on the COM-120 , we spec 
from 250kHz to 1GHz, and within that range. 
It shouldn't matter. The 120 won’t tune down 
to “zero,” but we do not spec performance 
below 250kHz. So, if you're making measure- 
ments down there, don’t call us 100% accu- 
rate—we may be, but we don’t claim to be. 

MRT: It's uncommon to work down there, 
though. 

Oh, I've done weird things, like take the 
COM-120’s RF input and put it on the audio 
path of an FM radio and tune in the 
subcarriers at 67kHz. 1 was troubleshooting 
some radios for the blind doing that sort of 
thing ... | can’t think of too many people who 
are using frequencies that low for anything 
that we would be measuring, anyway. 

MRT: You mentioned radios for the blind. 
Is there any thought about adding speech rec- 
ognition or speech synthesis to test equipment? 

Obviously, speech synthesis and speech 
recognition would be nice for a handicapped 
user; if you’re a sight-impaired technician, 
those would be nice. But if you're trying to 
make it easier for a technician who's rum- 
maging around inside of the equipment, [ 
think the military has the best idea, a little 
head-mounted display (HMD) linked back to 
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the box, so he can look down and see the 
display in his glasses and look at what he’s 
doing .... On some of our other projects, on 
the 1900 and the 1800, we have a standard 
VGA output. Theoretically, if you get an 
HMD that took standard VGA signals, you 
could plug that in. ... One of the things I’m 
looking at is using protocols like X-Windows 
so that the display of the unit can be shunted 
over to another computer for display. Just link 
it over to our test instrument and bring up the 
display there. One of the things that may 
show up in future units would be to imbed a 
Web browser, and have an internal CD-ROM 
or hard drive that we could get manufacturers 
to put their service manuals on in HTML and 


allow the unit to bring that up. If you could 
couple that with an HMD, you'd have a very 
good diagnostic system. 

MRT; Speaking of military-style equip- 
ment, how do military-style hardening and 
environmental ruggedness fit into test equip- 
ment design? 

It depends on the customer you're talking 
to, Obviously, if you're trying to sell to [the 
military], then being ruggedized to their specs 
is paramount. For most of our commercial 
gear, we do some ruggedization by default. 
On the 900 family spectrum analyzer we 
made, NASA needed a spectrum analyzer to 
examine the spectrum around the shuttle 
while it was in orbit, because they were try- 
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ing to find good frequencies for ship-to-suit 
radios. They went to everyone else and said 
“We need a spectrum analyzer that will go up 
to 20GHz, that can take shock and vibration, 
3Gs of acceleration on launch, and landing 
stresses and work off dc.” And everyone else 
said, “We can build you one.” And we said, 
“Yeah, the 900 will do that already. Shock 
and vibration? That thing will ride down a 
dirt road in the back of a truck!” They only 
had to make a couple of modifications for 
safety issues on the de connections, wrapped 
it and away it went. 

MRT: Off the shelf? 

Yeah. 

MRT: Does IFR do any “focus group” 
sessions with test equipment users or run any 
type of training classes? 

We do have some training classes that we 
hold here [Wichita]. We don’t especially do 
focus groups per se, but we will work with 
technicians both here at IFR who use the 
equipment as well as technicians outside. We 
do try and do an extensive alpha- and beta-test 
program with technicians in the real world and 
find out what their issues are. Code goes out 
with bugs ... When we first release an upgrade, 
like we did for LTR, or EDACS or MPT 1327 
we have it pretty much “ready for prime time” 
and then let customers use it. But they know 
they’re getting a beta software. We work a deal 
with them on that, so we don’t hit them with 
a full price and then send service patches out. 
These guys see and do things that we're never 
going to simulate here, like trying to make a 
power measurement on a signal with a 3MW 
AM transmitter sitting next to you. 

MRT: What's on the horizon for test equip- 
ment needs? 

I think the single most important thing in 
radio communications is moving data, as 
opposed to moving voice. Ericsson’s EDACS 
has their data protocol on it; more and more 
you see a lot of police departments using 
mobile data terminal systems that are plugged 
into the trunking radio system. Of course, 
both GSM and CDMA cellular have a data 
mode that bypasses the vocoder and goes 
straight down to the bitstream. What you're 
going to see in all the trunked radio markets 
is the same thing. As spectrums get lighter, 
and you can’t go with FM anymore, you've 
got to go with digital just to crunch the spec- 
trum down, and once you're sending bits, 
“bits is bits.” It doesn't matter whether they're 
representing voice or data. The thing I keep 
in mind on any new project is six little char- 
acters—TCP/IP (transmission control proto- 
col/Internet protocol}—because that’s the di- 
rection you're going to see a lot of people 
going in. A lot of people are going with their 
own data protocols, but they end up 
reimplementing all the capabilities of TCP/IP. 
I suspect that in the future, more and more 
trunked radio systems are going to have IP 
capability in addition to voice capability. 
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Connector selection 
design criteria 


Designers must consider a variety of performance issues when 
selecting connectors for antenna feeder cables. 


By Paul Andreescu and Robert Perelman 


Transmitting signals to and from tower- 
mounted antennas is critical to wireless 
system performance. Usually, designers 
use foam-dielectric corrugated-copper 
outer conductor cables to transmit the sig- 
nal because they have low loss and have 
proved reliable in outdoor tower-mounted 
applications. For the past five years. carri- 
ers have used the 7/16 DIN European in- 
terface to the antenna, which is designed 
for reliable sealed performance in an out- 
door environment. The engineering chal- 
lenge is to design a transition from the 


corrugated copper transmission line to the 
7/16 DIN interface that does not degrade 
the RF system performance, has good me- 
chanical and electrical stability, is com- 
pletely weather-sealed, provides long- 
term field reliability and is easy for field 
technicians to install. 

A variety of manufacturers offer con- 
nector designs to address some of these 
concerns, but few address all of them. The 
selection process requires an understand- 
ing of the connector options available and 
how they affect issues such as electrical 
performance, mechanical performance, 
weatherproofing, ease and repeatability of 
installation, and long-term reliability. 
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Connector Sealing 

One critical decision is the method used 
to form a waterproof seal between the 
connector, the corrugated outer conductor 
of the cable and the cable jacket. The in- 
trusion of any amount of water vapor over 
a long period of time can corrode contact 
surfaces. The result is an increase in pas- 
sive-intermodulation (PIM) distortion, 
which degrades system signal-to-noise 


Andreescu is connector design manager, Eupen, Bel- 
gium, and Perelman is vice president of sales and mar- 
keting for Eupen Cable USA, Orange, CT. Andreescu's 
email address is p.andreescu@aleph-/.euronet.be, 
Perelman’s email address is rperelman @ eupen.com. 
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repeaters, and trunking systems. 
Incorporating constant cus- 
tomer feedback with break-through 


design in synthesized radio commu- 


nication technology has resulted in 
innovative products like the 
FTH-2070 32 Channel 5W Dual 
Band VHF/UHF Portable radio 
introduced in 1988. This unequaled 
radio gained immediate acceptance 
for its ability to link public safety 
organizations in time of crisis, and 
remains unique to Vertex today. 
Now, with its expanded line-- 
including the ultra-compact 
VX-10, 40 and 102 Channel 


VHF/UHF Portables -- Vertex Radio 
Communications provides solutions 
to communication needs for busi- 
ness, industry, and public safety. 
For more information about the 
complete line of Vertex Radio 
Communications products, see your 
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ratio and eventually leads to dropped or non- 
completed calls, revenue loss and customer 
dissatisfaction. 

The most common method of achieving 
this seal, the use of one or more O-rings, 
is not necessarily the best option. O-rings 
are designed for making a reliable seal be- 
tween two machined, nearly perfect metal 
surfaces. They are used with a high degree 
of reliability to provide a weather seal in 
the interface between the male and female 
7/16 DIN connectors. This is a different 
application from using an O-ring to form 
a seal between the connector and the cor- 
rugated copper outer conductor, or be- 
tween the connector and the jacket of the 
cable. 

Unfortunately, the corrugated copper 
outer conductor is an imperfect surface. Be- 
cause of the manufacturing method, it is not 
perfectly round, often has longitudinal 
scratches from the drawing dies used in the 
manufacturing process and has a weld seam, 
which is not perfectly flush with the sur- 
face. As a result, an O-ring does not provide 
a reliable seal to the corrugated copper outer 
conductor. 

The seal to the polyethylene jacket can 
create other problems. The jacket’s surface 
is even more imperfect than the copper 
outer conductor because the manufacturing 


tolerances are greater, and it is 
a softer material subject to 
more damage. If this seal fails, 
it creates two problems. First, 
water that seeps under the 
jacket of the cable at the con- 
nector interface can migrate 
along the cable under the 
jacket and corrode the ground 
straps. This leads to poor 
grounding and increases yul- 
nerability to damage from 
lightning strikes. 

A hole in the jacket along 
the cable also can lead to prob- 
lems. The water can migrate 
along the cable to the connec- 
tor. If there is not a good seal 
between the connector and the 
jacket, moisture can get into 
the connector interface and 
cause corrosion. Although 
these problems are more seri- 
ous in cables with helical or screw-thread cor- 
rugations, even annular or ring corrugated 
cables are not sealed between the jacket and 
the outer conductor, which allows water to 
migrate along the length of the cable in this 
interface. 

A properly selected polymeric sealant, 
such as room-temperature vulcanizing (RTV) 


Figure 1. Connector attachment details. 


silicone, is one reliable method to produce a 
long-term seal to the corrugated copper. This 
material is injected into the back end of the 
properly designed connector to completely 
encapsulate the end of the jacket, the corru- 
gated copper and the connector body. It hard- 
ens within a few hours of application and fills 
in all of the irregular areas on the outer 
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Figure 2. O-ring seals leak. 


conductor. Appropriate RTV sealants provide 
a high degree of adhesion to all of the mate- 


rials, including the copper of the cable outer 
conductor, the connector body and the cable 
jacket. 

These sealants actually absorb water as 
they harden, removing any residual water 
vapor that may have been in the connector 
interface. Essentially, they act as a desiccant 
to protect the contact parts from corrosion. 

Properly installed connectors sealed 
with this method resist moisture intrusion 
for many years. 

On the other hand, field reports show 
that connectors with O-ring seals are a 
constant source of maintenance and reli- 
ability problems. Even the use of addi- 
tional wraps of buty! rubber and electrical 
tape cannot keep the moisture out of the 
connector interface over a long period of 
time. But some appropriate uses for O-rings 
exist. For example, O-ring sealed connectors 
ure ideal for temporary installations because 
they are easy to reuse, and they provide ad- 
equate protection from moisture intrusion for 
afew months. With the RTV silicone method, 
the connector can be cleaned and reused 
once the silicone hardens, but it is time- 
consuming. 


Outer conductor prep and clamping 
There is a choice of trim dimensions for 
the different cable components and meth- 
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Lowloss 
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ods to achieve the dimensions, The concept 
of cutting the cable flush for connector at- 
tachment is simple, but it leads to one major 
performance problem—the copper chips 
from the saw cut get embedded into the foam 
dielectric of the cable and are almost impos- 
sible to remove. In fact, any method of cut- 
ting the outer conductor that requires a cut 
toward the foam dielectric can introduce cop- 
per particles into the dielectric. Generally, 
these particles will not cause a problem until 
they are adjacent to the center or outer con- 
ductors. The poor contact that exists between 
the conductor and the copper particles will 
create a source of PIM. 

The can-opener method, which eliminates 
the risk of contaminating the dielectric 
with copper particles, is one way to trim the 
outer conductor. In this method, the outer 
conductor is pulled away from the dielectric 
with pliers and stripped even with the back 
portion of the connector, The result is a 
flared conductor, with no copper-chip 
contamination. 

The method used to achieve high-contact 
pressures also is critical to connector perfor- 
mance. High-contacl pressures are essential 
to the PIM performance of the connector and 
to minimize RF loss through the connector 
interface. In many connector designs, tight- 
ening the two halves of the connector directly 
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applies force to the outer conductor. But with 
this approach, the temperature cycling is in 
the normal installation environment, and 
“metal creep,” which decreases contact pres- 
sure over time, degrades connector perfor- 
mance and loosens the cable attachment. 
Spring contacts for both center and outer con- 
ductors can be used to eliminate the potential 
of reducing the outer conductor contact 
pressure. 


How many pieces? 

From a production perspective, it is eco- 
nomical to produce the connector in many 
parts and assemble them. But it is easy to 
lose the small parts in the field, especially 
when installing them on a tower. A chance 
of incorrect assembly also exists. In either 
case, the connector will not perform to its 
design specifications or may not be 
installable at all. 

Another option is to assemble most of the 
parts in the factory. This assures that the pin 
depth is set correctly in the finished product, 
which Is essential for proper return loss per- 
formance, It greatly reduces the potential for 
lost parts and increases the likelihood that the 
connector will be installed correctly. 


System reliability 

Even though a reliable cable type and a 
reliable interface are used for antenna feeder 
applications, this is one of the most troubled 
portions of a wireless communications sys- 
tem. Usually, designers do not pay enough 
attention to the design of the cable connec- 
tor that serves as a transition from the corru- 
gated copper cable to the 7/16 DIN inter- 
face. Although it looks like a simple device, 
it must perform several functions simulta- 
neously in a variety of harsh environments, 
And it must do so with a high degree of 
reliability for the system to perform as re- 
quired. In addition, the connectors must be 
designed to be installed by semi-skilled 
technicians in a field environment. Achiev- 
ing all of these objectives is a major design 
challenge that requires careful attention to 
many details. 

In addition to providing a reliable electri- 
cal and mechanical interface to the cable, 
the connector also must provide a reliable 
weatherproof seal to the cable. Allowing the 
intrusion of water into the interface will 
corrode the contact parts, which will de- 
grade electrical performance. In particular, 
contact surface corrosion will produce PIM, 
which can degrade system performance and 
result in dropped calls, In addition, moisture 
in the cable can increase the attenuation of 
the signal. This can reduce the radiated sig- 
nal and reduce the coverage area leading di- 
rectly to customer dissatisfaction and rev- 
enue loss. This problem is difficult to 
troubleshoot and to identify because it typi- 


cally occurs as a gradual degradation rather 
than as a catastrophic change in system 
performance. 

Electrically, the connector serves as a 
short section of transmission line and pro- 
vides a transition from the transmission line 
size of the cable to the transmission line size 
of the 7/16 DIN or type N interface. There- 
fore, its performance can be measured in 
terms of the typical transmission line param- 
eters: insertion loss and return loss. In addi- 
tion, because points of contact exist on both 
the center and outer conductors, the mainte- 
nance of high-contact pressure is essential to 
the long-term performance of the connector. 


Over time, poor contacts will result in high 
levels of PIM and an increase in insertion 
loss. Applying a spring-loaded contact for use 
of high-contact pressure is essential to main- 
taining the contact pressure and preventing 
the connector from coming loose, which can 
increase PIM. 

Choosing a well-designed connector will 
contribute greatly to system reliability. Incor- 
rectly designed connectors will require con- 
stant maintenance and wil] reduce customer 
satisfaction and revenues. Too often design- 
ers do not give sufficient attention to this area 
of system design. As a result, system reliabil- 
ity is unnecessarily compromised. a 
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Simulcast design for the 
Flex paging protocol 


An efficient system design can meet the simulcast performance constraints as systems transition 
to higher Flex speeds. Power and delay management techniques can bring the 
performance of the coverage area within the specified sensitivity and SDS limits. 


By Slim Souissi, Ph.D., Stephen Sek 
and Casey Hill 


The Flex paging protocol, introduced in 
1993, is becoming the worldwide standard 
for paging. More than 40 million Flex-based 
pagers are in service around the world. The 
largest U.S. service providers have adopted 
the protocol, as have service providers in 
Canada, Latin America, Asia, Africa, Europe 
and the Middle East. 

During the last year, several service pro- 
viders have begun upgrading their Flex net- 
works to higher speeds to meet demands for 
increased capacity. Network upgrades have 
been successfully tested in the real-world RF 
environment where intermodulation, fading, 
adjacent channel interference and, most im- 
portantly, simulcast distortions can degrade 
service quality. As a result, carriers realize 
that upgrading a network from 1,600bps to 
6,400bps is complex, yet possible’. 


The simulcast environment 
Simulcasting means broadcasting the 
same message from multiple transmitters 


operating on the same frequency. Flex uses 
simulcasting to reliably deliver messages to 
pagers located anywhere within the cover- 
age area. 

Simulcasting boosts the coverage over a 
wide service area while maintaining a 
high level of building penetration. 
Macrodiversity gives simulcast its inherent 
strengths. Regardless of the pager's location 
inside the building, there is always a chance 
that one of the signals around the building 
will reach the pager. Moreover, signals from 
different transmitters can combine construc- 
tively, boosting the overall signal level. 

Unfortunately, simulcast benefits are in- 
evitably coupled with signal distortion!, 
which becomes more problematic for the 
system designer as the channel data rate in- 
creases. The quality of signals generated by 
different transmitters, when received at the 
pagers, depends on the signals’ magnitude, 
relative delays and relative frequencies. 
Viewed from the pager's physical location, 
the path lengths to the various transmitting 
sources generally are not the same. The com- 
bination of several paths contributes to dis- 


tortions known as simulcast delay spread 
(SDS). SDS is regarded as the most chal- 
lenging effect that the system designer has 
to design for. Another important source of 
simulcast distortion is zero beating, a phase 
cancellation condition. When signals are re- 
ceived from transmitters at offset frequen- 
cies, severe periodic signal cancellations 
may occur, especially in high-rise building 
and open-overlap areas. 


Simulcast delay spread 

Simulcast delay spread results from 
intersymbol interference that occurs when 
several replicas of the same signal reach the 
receiver with unequal delays. SDS distor- 
tions can be observed in overlap areas where 
the relative delay between multiple received 
paths is in excess of the system SDS toler- 
ance*}, The rule of thumb for admissible 
SDS performance is to design the system 


Souissi is principal staff engineer, Sek is senior staif 
engineer and Hill is director of system technology re- 
search for the Motorola Messaging Systems Product 
Group, Fort Worth, TX. Flex is a Motorola trademark. 
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Figure 1. Zero beating process in the time domain: (a) AP=idB, (b) AP=3dB. 
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POWER 
DIFFERENTIAL 
(dB) 


CANCELLATION 
DEPTH 
(dB) 


INFINITE 


Table 1. Cancellation depth as a function of 
differential power for a two-path simulcast 
model. (Cancellation depth is measured from 
the maximum combined received power.) 


for a 44-symbol SDS tolerance. A conserva- 
tive design goal should consider approxi- 
mately 15% to 20% of the symbol period. 
This is about 501s for Flex systems operat- 
ing at 6,400bps. (For a two-path static simul- 
cast model with [dB power differential, 16Hz 
offset and at 30dB above pager sensitivity, 
the pager should have acceptable perfor- 
mance when the differential delay between 
the two paths is around a 1/4 of a symbol.) 


Zero beating 

Zero beating is a phase cancellation con- 
dition that occurs when two or more trans- 
mitters send the same data at slightly offset 
frequencies. Two transmitters simulcasting 
the same carrier with a small frequency off- 
set illustrates the zero beating process. Fig- 
ure | on page 28 shows the cancellation ef- 
fect in the time domain. Frequency offset and 
power differential are the key parameters that 
control this process, Cancellations occur pe- 
riodically at the frequency offset fo. The 
smaller the power differential between the 
two paths becomes, the deeper the cancella- 
tions become, as shown in Table 1 above. 

For example, a power differential of 1dB 
causes cancellation depths of about 25dB. 
As the frequency difference between the two 
paths becomes smaller, cancellations occur 
less frequently but with longer duration, 
Inversely, at high offset frequencies, shorter 
cancellations occur more frequently. (See 
Table 2 above.) Frequency offset is the only 
parameter that controls cancellation dura- 
tion. [t is interesting that for a significant 
observation interval, the total cumulative pe- 
riod of time during which the signal power 
goes below a certain threshold is indepen- 
dent of the offset frequency. 

This phase cancellation effect is mitigated 
in Flex protocol systems through error cor- 
rection and data interleaving. 


Simulcast performance 

The following section provides informa- 
uion about two key pager performance mea- 
sures; namely, delay capture performance and 
delay spread performance. 


OFFSET CANCELLATION DURATION 


(ns) 


204,800 
13,700 
6,800 
4,600 
3,400 


CANCELLATION DURATION IN SYMBOLS 
(@6,400bps) 


Table 2. Cancellation duration at 10dB below maximum combined signal strength for a two- 


path simulcast model. 


Pager delay capture performance 

An indication of a pager’s ability to with- 
stand simulcast distortions is its delay cap- 
ture performance. Delay capture curves re- 


flect the pager’s ability to defeat zero beat- 
ing and SDS distortions. Figure 2 on page 
30 shows an example of static delay capture 
curves for a Flex 6,400bps system. Two 
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Figure 2. An example of Flex 6,400bps static two-path delay capture curves at 0.1% 


decoded WER with 16Hz frequency offset. 


curves illustrate the pager’s performance 
under different channel conditions (high car- 
ner-lo-noise ratio [C/N] versus low C/N). 
Each curve represents the set of operating 
points for which the decoded word error rate 
(WER) equals 0.1%. Capture curves show 
three operating regions: 

{) low delay operating region or zero 
beating area. 

(J transition region or delay-limited area. 

O high delay operating region or capture 
area, 

Low delay operating region—When the 


pager operates at low C/N, its tolerance to 
zero beating is diminished. In fact, the avail- 
able amount of signal power is not great 
enough to compensate for the periodic can- 
cellations. The pager performance depends 
primarily on the power differential between 
the two simulcast paths. Only cancellations 
with moderate depth are tolerable. 

When the signal strength is high, the 
pager tolerance to zero beating distortion 
improves. Severe cancellations caused by 
low differential powers can be filled in par- 
tially or completely by the strong received 


signal. Figure 2 shows that for high C/N 
values (about 30dB above pager sensitivity) 
and for a differential delay of 50s, the 
pager can tolerate cancellations produced by 
a power differential as low as dB. 

Transition region—At delay values of ap- 
proximately 4-symbol in duration, the com- 
bined effect of delay spread and zero beat- 
ing causes additional signal distortions, As 
the differential delay increases, the pager 
tolerance to zero beating is significantly re- 
duced. This increase means that only mod- 
erate power differentials are tolerated. 

High delay operating region—Delay 
spread is the main cause of signal distortion. 
For delays greater than '2-symbol in dura- 
tion, the pager performance becomes unac- 
ceptable, even at locations with high signal 
strength. 

Only capture can guarantee acceptable 
pager performance. The pager capture ratio 
is the power differential, value between the 
strong and weak signal, at which the pager 
performs at a given quality level. The ratio 
is an indication of the receiver's capability 
to detect a strong signal in the presence of a 
weak interfering signal. The capture ratio 
depends on the received signal strength. Fig- 
ure 2 shows that at high C/N, the capture 
ratio is only 3dB, but it exceeds 7dB at low 
CIN. 
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Pager delay spread performance 

Another approach for evaluating pager 
performance in a simulcast environment 
uses the delay spread model. The root-mean 
square (RMS) value of the simulcast path de- 
lays, weighted by their respective power levels, 
represents a reliable parameter for evaluating 
pager SDS performance!. 

This parameter is called simulcast delay 
spread and noted as Tux: 


Pi and di, respectively, represent the 
power and delay of the i” signal. The above 
equation shows that the same 7m value can 
be produced by a multitude of power and 
delay combinations. For a fixed Tm value 
and a fixed C/N level, in a fading environ- 
ment, the pager performance remains fairly 
unchanged. 

This interesting property makes SDS 
evaluation an attractive procedure for rating 
pager performance. Typical delay-spread 


curves have a “hockey stick” 
shape as illustrated by Fig- soy 
ure 3 at the right. In a low 
SDS environment, the re- 
quired C/N that guarantees 
a certain level of pager per- 
formance (for example, 
0.1% WER) slightly ex- 
ceeds pager sensitivity. 
Under such conditions, 
pager performance is only 
limited by the received 
signal strength. In the vicin- 
ity of the SDS limit, the 
pager performance degrades om 
severely. Signal cancella- 
tions become so severe that 
even in a high signal 
strength environment, sys- 
tem performance becomes 
unacceptable. 


Combined Cin in dB 


Design system for simulcast 

Pager simulcast performance is a factor 
in the overall system coverage performance. 
For example, it is simple to design a simul- 
cast system for large SDS tolerance because 
performance is mostly limited by the pager 
sensitivity. The design becomes challenging 
if SDS tolerance is low. The mission of the 
system designer is first, to understand the 
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Figure 3. An example of a faded delay spread curve at 0.1% 
decoded WER for Flex 6,400bps. 


pager simulcast requirements, and second, 
to ensure that every coverage area meets 
these requirements. 


Design system for simuleast delay spread 

Traditional low data-rate simulcast sys- 
tems such as POCSAG or Flex 1,600bps, do 
not need to address the SDS problem. This is 
primarily due to the large symbol duration 
that provides an inherent immunity to delay 
spread, High-speed simulcast systems are 
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Figure 4. Simulcast system optimization. (a) Inadequate coverage and 
SDS problems. The system needs more transmitters (or higher power 
transmitters/higher sites) and SDS optimization. (b) Adequate signal 
strength but SDS problems: The system needs SDS optimization. (c) 
Inadequate coverage and good SDS performance: The system needs 
more transmitters (or higher power transmitters/higher sites) and 
possibly SDS optimization. (d) System optimization for signal strength 
coverage and SDS performance. 


more vulnerable to SDS problems. Paging 
carriers are therefore compelled to design 
and optimize their systems methodically to 
guarantee acceptable coverage performance. 
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Figure 4 at the 
left graphs the 
process of opti- 
mizing a simul- 
cast system. Two 
axes are used to 
approximate the 
pager _ perfor- 
mance. The vert- 
icle axis reflects 
the pager sensi- 
tivity threshold, 
while the hori- 
zontal axis sets 
the pager SDS 
limit. To guaran- 
tee acceptable 
performance fora 
given location 
within the cover- 
age area, two 
conditions must 
be fulfilled: 

) The signal 
Strength must be 
above the sensi- 
tivity threshold. 


{3 The delay spread distortion must be 
within the SDS capabilities. 

The goal of the system designer is to en- 
sure that 95% of the coverage area falls 


Here’s a Family that Keeps its Secrets 


Introducing Selectone’s Full Line of Voice —_—_ Products 


Mid-range 
scramblers, 
ST-258 


within the SDS limits (assuming that the 
paging system is designed for 95% area re- 
liability), For example, Figure 4a represents 
a system design that lacks signal power and 
has several areas with SDS problems. On 
the other hand, figure 4d represents a system 
that is optimized for simulcast. 

The authors? have discussed power de- 
lay management techniques that can bring 
the entire coverage area within the pager- 
imposed limits and can optimize coverage 
performance. 

A simple optimization example using the 
Motorola propagation tool (MOZAIK) illus- 
trates the coverage performance of each of 
the scenarios described in Figure 5 on page 
33. Each coverage map shown in Figure 5 
corresponds to the scenario in Figure 4 with 
the same label. Figure 5a represents a system 
where two sites are intentionally placed much 
higher than the three other sites to cause de- 
lay spread problems. The graph shows that 
the system has SDS and sensitivity problems. 

The system illustrated by Figure 5b uses 
high sites with high transmission power. The 
simulation shows a severe SDS problem 
across the entire coverage area. Figure 5c 
shows a typical example of a sensitivity- 
limited system. Increased signal strength 
throughout the coverage area is needed. 
Signal strength can be increased by adding 
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Figure 5. Simulcast system optimization. (a) Sensitivity and SDS problems; 
omni antennas on all sites, sites 3 and 4 are highest. {b) SDS problems; all 
sites are high with high transmit power. (c) Sensitivity problems; omni an- 
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tenna on all sites, low-height, low-power sites. (d) System optimized for 
signal strength coverage and SDS performance; site 1, omni antenna, sites 
2-5 with directional antennas and launch delays. 
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Figure 6. Simulated WER versus frequency offset for Flex 6,400bps: (a) static; (b) faded at 3mph. 


sites, increasing the transmit power or in- 
creasing the antennas’ heights. Figure 5d 
shows an optimized system. The sites’ heights 
and transmission power are increased to meet 
the sensitivity requirements, while directional 
antennas and launch delays are used on the 
external sites to meet the SDS requirements. 


Design system for zero beating: 
frequency offsets 
An offset plan manages the zero beating 
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process. The goal is to enhance performance 
in high rise and overlap areas where the 
power differential between signals is low (in 
the order of 2dB-3dB or less). Optimum 
offset frequencies regulate the cancellation 
duration and the frequency of cancellation 
to match the coding and interleaving capa- 
bilities of the Flex protocol. 

Computer simulations, laboratory tests 
and field measurements show that frequency 
offsets contribute to a substantial improve- 
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ment in the coverage performance of zero 
beating areas, This is true in both static and 
fading environments. Figure 6 above shows 
the simulated results of WER vs. frequency 
offset for Flex 6400 in static (Figure 6a) and 
3mph slow fade (Figure 6b) environments. 
Figure 7 on page 35 shows the field- 
measured results of WER vs. frequency off- 
set for Flex 6400 in a static environment. 
Note that offsets like 1Hz, 40Hz, 5OHz and 
100Hz all produce relatively high WER. 
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Detected Word Error Rates vs. Offsel Frequency 
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Figure 8. Examples of frequency offset plans for Flex 6,400bps. 


The results show that good offset frequen- 
cies are found in the range (10Hz to 90Hz) 
(Figure 6a). The recommended offset fre- 
quencies are {-—45Hz, —30Hz, —15Hz, 
OHz, 1SHz, 30Hz, 45Hz}. Offsets that are 
too high should be avoided because they 
result in excessive pager sensilivity loss. 

Examples of four-cell and seven-cell off- 
set frequency reuse patterns are proposed in 
Figure 8 above. With careful offset assign- 
ment to each cell, four offset frequencies are 
sufficient to cover any type of coverage area 
without adjacent cells sharing the same off- 
set. However, five to seven offset frequen- 
cles provide more flexibility, especially for 
future system expansion. 


Conclusion 

This article provides guidelines for simul- 
cast system design that meet the constraints 
imposed by upgrading a paging system to 
higher speeds. Power and delay management 
techniques can bring the performance of the 
entire coverage area within the sensitivity 
and SDS design constraints. Frequency off- 
set reuse plans for Flex 6,400bps are recom- 
mended. The plans alleviate zero beating 
problems in high rise building and overlap 


areas and improve the coverage performance 
of the overall system. | 
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Remote testing of EDACS 
trunking systems 


An enhanced simulcast configuration provides for testing 
of each channel in a trunking system. 


By Jeff Ashley 


Radio manufacturers have been build- 
ing trunking systems for years, each system 
with its own unique methods and architectures. 
In an enhanced simulcast configuration, 
Ericsson’s Enhanced Digital Access Com- 
munications System (EDACS) incerpo- 
rates a remote-controlled, automated sys- 
tem capable of testing each channel in the 
trunking system. Channel equipment indi- 
cating a fault condition can be automati- 
cally disabled and alarm indications at a 
central location alert employees to techni- 
cal problems. 


BACK-UP SERIAL LINK 
{19.2kbps BSL) 


Figure 1. This equipment configuration is representative of an EDACS 
simulcast site with an automated test system and alarm shelf. Before 
being transmitted, the high-speed (HS) data must be synchronized 
in the universal syne shelf. Because the receive HS data does not 
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Automated system testing 

The GETC (GE Trunking Card) is a unit 
developed by Ericsson to perform a variety of 
functions within a wunking environment, de- 
pending on its internal programming and strap- 
ping options. When used as a component of the 
automated test system, this unit can take the 
form of a TUAT (Test Unit Alarm Interface) 
GETC. The TUAI GETC, working in conjune- 
tion with a specially programmed trunked mo- 
bile radio called a test unit (TU), a separate radio 
dedicated to monitoring the outbound control 
channel data called a control channel monitor 
(CCM) and an alarm shelf create the subsystem 
that accomplishes the remote-end testing of each 
channel's trunking functions at programmable 


intervals of one minute or longer. 


Digital/analog testing 

When idle, the TU monitors the out- 
bound contro] channel data, as any mobile 
unit in the system would. If, while moni- 
toring, the TU notices problems regarding 
control channel syne, incorrect messaging 
or wrong Site ID, it will send the corre- 
sponding fault information to the TUAI 
GETC over a 19.2kbps serial data link. 

The testing process begins when the site 
controller issues a special test call request on — 
the outbound control channel. 


Ashley is a communications technician in Los Angeles, 
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need synchronization, the shelf is bypassed and connection can be 
made directly between the base station GETCs and the MUX. (The 
300Hz and 2,400Hz sync tones as well as the low-speed [LS] data 
connections are not shown.) 


The TU is the only radio in the system 
programmed to respond to a test call re- 
quest. When the TU receives this request, 
it in turn requests a channel assignment 
(via an individual call). The site controller 
issues the channel assignment on the 
outbound control channel. 

Once the TU receives this information, 
it informs the TUAI GETC (via the serial 
link) that the test process has begun. It lets 
the TUAI GETC know which channel is 
going to be used for the control and work- 
ing channel. Equipped with this informa- 
tion, the TUAI GETC will be able to 
monitor its fault input lines from the 
proper radio channel. 

The TU switches to the assigned work- 
ing channel and listens for a high-speed 
(9600 baud) “dotting” signal to confirm 
that it landed on the proper RF channel. 
Once on the assigned working channel, the 
TU transmits a high-speed (HS) “keying” 
signal followed by constant low-speed 
(LS) data (150 baud). 

The CCM also listens to the outbound 
control channel data. It outputs this received 
data onto the back-up serial link (BSL). The 
BSL is a 19.2kbps data buss that connects 
the GETCs of each RF channel together so 
each GETC knows what the others are do- 
ing. During a test call, the data from the 
CCM lets both the control and working 
channel GETCs involved in the test hear and 
respond to the test call request. 

After receiving the TU’s “keying” sig- 
nal and LS data, the assigned working 
channel under test transmits LS data fol- 
lowed by a high-speed “drop channel” 
(dotting) message. 

At this point, the TU sends its test results 
to the TUAI GETC and reverts to the con- 
trol channel to monitor for future 
instructions. 

This process tests the TU, the working 
channel receiver and transmitter, and the 
control channel. 

If the working channel under test 
doesn’t hear the proper HS or LS data from 
the TU, it sends a “fail” indication to the 
TUAI GETC. If the TU doesn’t see the 
proper HS and LS data from the working 
channel, if will also send a “fail” message 
to the TUAI GETC. Jn this manner, both 
directions are tested; TU-to-working chan- 
nel and working channel-to-TU. Both the 
working channel and the TU send their 
test results to the TUAI GETC. However, 
they are delivered in a different manner. 

The TU sends its results as an RS-232, 
19.2kbps serial bit stream. The TUAI 
GETC decodes the data into hex bytes that 
not only offer “pass” or “fail” information 
but also details relating to whar in the test 
failed. For example, the TU can tell the 
TUAI GETC whether or not it heard a 


channel assignment on the outbound con- 
trol channel, or whether there was a HS or 
LS data signal transmitted from the work- 
ing channel under test. The TU can also 
tell the TUA] GETC whether or not the 
working channel ended the test properly 
with a high-speed “drop channel” mes- 
sage, or whether there may be a synthe- 
sizer unlocked on the control channel or 
working channel. 

The working channel GETC, on the 
other hand, merely uses a single wire car- 
rying either a TTL logic “high” or “low” to 
the TUAI GETC, offering only a “pass/fail” 
indication, 
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The CCM places the recovered outbound 
control channel data onto the BSL. This lets 
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signed working channel GETC and the TUAI 
GETC. 

If either the TU or the working channel 
GETC indicate a “fail” condition, the TUAI 
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GETC sends the information along to the site 
alarm shelf as a “digital” alarm. 

The alarm shelf’s internal 1200/2400 baud 
modem can relay the alarm information back to 
a central controlling location via master/slave 
polling. There. it can be viewed on an alarm PC 
by maintenance personnel and passed on to the 
site controller. The site controller can be set up 
to automatically remove the failed channel(s) 
from service, 

In addition to automated testing of the 
trunking functions that offer “digital” alarms, 
each transmitter at the trunking site may be 
equipped with an in-line RF power sensor. 
This sensor produces a de voltage propor- 
tional to the RF level coming from the 
transmitter’s PA. The voltage is applied to an 
input of an analog-to-digital converter card 
in the alarm shelf. These A/D cards convert 
the analog de voltage to digital information 
that can be sent over the alarm shelf data 
modem back to a central location, resulting 
in the registration of “analog” alarms. 

A detailed explanation of any EDACS 
configuration can quickly go beyond the 
scope of a magazine article. This description 
has been kept brief and basic but has offered 
an adequate glimpse into one of the features 
Ericsson employs within its simulcast 
EDACS trunking systems. i 
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technically speaking 


Maxtrac repeater 
combo 


By Harold Kinley, C.E.T. 


In the November 1990 issue of MRT, 
Carlton L. Tedrick, PE., described how to 
link two Maxtrac mobile radios to serve as a 
link or repeater. In the May 1995 issue of 
MRT, William Plante, NCE, offered an im- 
proved version of the Tedrick design. In this 
issue, I offer you yet another version. This 
version is simpler to implement than the 
Plante design, yet sacrifices no features. 

The old adage “Necessity is the mother of 
invention,” is quite true. In this particular 
instance, several needs were met by combin- 
ing two Maxtrac mobile units to serve as a 
portable repeater or communications fink. 
Much of the design work was already done 
for me by the previous designs. It was only 


necessary lo simplify the second design 
(Plante’s design) to come up with the design 
that worked best for our situation in the South 
Carolina Forestry Commission. 

We had procrastinated for some time about 
developing a portable repeater to help with 
communications during large forest fires 
where communications between handheld 
units was marginal. Other needs, such as a 
temporary spare repeater and a temporary 
communication link between state agencies 
on joint operations, spurred the development 
of this portable repeater. 

Figure | below shows how the Maxtracs 
are modified and linked to form the repeater. 
The design by Plante in the May °95 issue of 
MRT required a transistor, two resistors and a 
switch per Maxtrac. This design requires only 
a diode and one resistor per Maxtrac along 
with a couple of simple jumper connections. 
The additional circuitry for the modification 
is shown in red. 


Di—2N4148 SWITCHING DIODE 
Ri—1.8K 


Ji4. J8 D1 
MIC JACK LOGIC BOARD 


Figure 1. Wiring diagram showing how two Maxtracs are modified and interconnected to form 


a cross-band or in-band repeater. 


Figure 2. This setup forms a cross-band link 
between VHF and UHF radios. This is a bidl- 
rectional system. That is, each radio alter- 
nately operates in the transmit and receive 
mode. 


To understand how the setup works, refer 
to Figure |, A key point in the circuitry is the 
collector of transistor Q552. This is on the 
logic board of the Maxtrac and near the front, 
allowing easy connection of diode D1 from 
the collector of Q552 to pin 8 or 9 on J8, 
When the radio is not receiving a signal, the 
collector of Q552 is at +9.6V. Let's analyze 
the situation if radio A is receiving a proper 
signal. If a signal is received with the proper 
CTCSS (continuous tone coded squelch sys- 
tem) tone, Q552 is turned on placing the 
collector near ground potential. This turns on 
diode DI which, through the interconnecting 
cable, places pin 11 of J8 on radio B (push- 
to-talk) at ground potential. This keys radio 
B. Audio from radio A (the receiver) passes 
from the volume control top through R] 
(1.8K) and through the interconnecting cable 
to pin 12 (mic input) of J8 on radio B. 

In this situation, radio A is the receiver, 
and radio B is the transmitter. The symmetri- 
cal arrangement allows for bi-directional op- 
eration. That is. radio B can become the re- 
ceiver and radio A the transmitter. In certain 
situations this is desirable. But in some situ- 
ations it is undesirable. Proper programming 
of the Maxtracs allows for great versatility in 
the repeater or link setup. 

It isn’t recommended, but the receiver can 
be operated using carrier squelch instead of 
CTCSS. The receiver can be programmed for 
carrier squelch, or the monitor button can be 
pressed to disable the CTCSS circuitry. Then 
the radio receiver will respond to any carrier 
on the channel. In this mode the collector of 
Q552 will go low on any on-channel signal— 
CTCSS or not. 

The repeater or link can be operated sev- 
eral ways. The setup shown in Figure 2 on 


Kinley, a certified electronics technician, is regional 
communications manager, South Carolina Forestry 
Commission, Spartanburg, SC. He is a member of the 
Radio Club of America, He is the author of Standard 
Radio Communications Manual: With Instrumentation 
and Testing Techniques, which ts available for direct pur- 
chase. Write to 204 Tanglewylde Drive, Spartanburg, SC 
29301. Kinley’s email address is hkintev@aol.com. 
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page 39 can be used to set up as a cross band 
link. Figure 3 at the right shows the setup as 
an in-band repeater, The duplexer that I se- 
lected is a mobile reject duplexer for the 
150MHz band. It requires at least a SMHz 
difference between receive and transmit fre- 
quencies. In our system, we receive at 
151MHz and transmit at I59MHz, so this 
mobile duplexer works out fine for us. 

A need arose where the South Carolina 
Forestry Commission and the South Carolina 
Department of Natural Resources needed to 
communicate on a joint operation. Since the 
DNR was operating at 151.xxxMHz and the 
SCFC was operating at 159.xxxMHz, the 


situation was ideal for the Maxtrac combo 
and duplexer. All that was required was to 
program the DNR frequency into one 
Maxtrac and the SCFC frequency into the 
other Maxtrac. Some tweaking of the du- 
plexer provided good isolation between the 
two radios, With this arrangement connected 
to a short antenna, the two agencies could 
easily communicate—each using its own 
channel. The repeater setup was virtually 
transparent in operation. See Figure 4. 

If you are using a duplexer for in-band 
operation, it is important that the duplexer is 
properly tuned to the operating frequencies 
for both radios. There will be a high side and 
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RADIO A RADIO B | 


===! 


(RECEIVER) (TRANSMITTER) 


Figure 3. With this simple repeater setup 
one radio is recelive-only while the other is 
transmit only. 


RADIO A | 


(Rx/Tx) 


Figure 4. With this setup each radio alter- 
nately receives and transmits to serve as a 
link between units operating on different 
frequencies. 


LOW-PASS 
SIDE 


GENERATOR 


Figure 5. This setup can be used to tune the 
duplexer notch to the proper point. See text 
for details. 


a low side with a good frequency separation. 
In this case, the high side was at 159MHz and 
the low side at 151MHz. The key is to get 
maximum rejection at the undesired fre- 
quency. See Figure 5 for the following 
discussion. 

The Maxtrac connected to the low-pass 
side of the duplexer (green) is operated at the 
lower frequency, in this case—151MHz. The 
Maxtrac connected to the high-pass side of 
the duplexer is operated at the higher fre- 
quency, in this case—159MHz. The low-pass 


Photo 1. The portable repeater 


shown here is housed In a 


simple portable file box available from any office supply store. 


Photo 2. Inside view of the portable repeatrer box. The mobile 
duplexer is needed only for “in-band” repeaters. 


side of the duplexer must be 
tuned to reject 159MHz. 
Thus, the Maxtrac con- 
nected to the low-pass side 
has a 15S9MHz frequency 
programmed into it to allow 
for tuning the notch. Simply 
set the Maxtrac to the 
159MHz frequency, and set 
the signal generator to the 
same frequency. Adjust the 
tuning of the low-pass side 
of the duplexer for maxi- 
mum rejection of the 
159MHz signal as indicated 
on the SINAD meter. As the 
notch deepens, you will have 
to increase the level of the 
signal generator until you 
have adjusted the notch to 
maximum rejection of the 
1S9MHz signal. 

To tune the other side of 
the duplexer, you will have 
to reverse the connections 
shown here and tune the 
high-pass side for maximum 
rejection of a 151MHz sig- 
nal. You would have to have 
the other Maxtrac pro- 
grammed for a 151 MHz fre- 
quency just for duplexer tun- 


ing purposes. The deeper the duplexer 
notches are tuned, the better the performance 
you will get from the repeater or link. 

The modifications to the Maxtracs were 
done at the pins of J8, keeping the connec- 
tions close to the board on the pins so as not 
to interfere with the connection of the plug, 
P8. Users should take extreme care to avoid 
solder bridges. The diode connected from the 
collector of Q552 to pin 8 or 9 on J8 should 
be enclosed in spaghetti tubing to avoid a 
possible short circuit with other components 
on the logic board. 

To make the unit more convenient to 
handle, we used a portable file box to house 
the Maxtrac and duplexer combo along with 
the associated wiring. As shown in the photo, 
we installed a voltmeter, two fuses (one for 
each Maxtrac), an on/off switch, cigarette 
lighter socket, banana jacks/binding posts 
and a ventilation fan on the side panel of the 
file box. Two 12-volt ventilation (muffin) 
fans are used in a push-pull type operation so 
that sufficient air is flowing through the box 
at all times. A UHF connector is installed on 
the side of the box to allow easy connection 
to the external antenna. The portable repeater 
can be placed in a vehicle, connected to the 
vehicular antenna, powered from the cigarette 
lighter jack and serve as a temporary repeater 
wherever needed. 

Until next time—stay tuned! 
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Small towns forego Project 25 


Public safety agencies for some towns and 
cities with smaller populations are foregoing 
Project 25 interoperability because it is far 
more expensive than comparable alternatives. 

Joe Beise, who works with the Wisconsin 
Public Service. said that he was concerned 
about the fact that Project 25-compliant tech- 
nology was a great deal more expensive than 
other manufacturers’ similar, non-compliant 
systems featuring technological advances 
made since the Project 25 specifications were 
created. 

“The state of Wisconsin, about a year ago, 
Was going to the Ericsson system that wasn’t 
compliant, and it didn't seem to bother them 
too much,” Beise said. 

He also said that foregoing Project 25 com- 
pliant systems was becoming more and more 
frequent. especially in the less populated areas 
of the country, causing Project 25 to become a 
non-standard. 

Craig Jorgensen, Project 25 project man- 
ager, said that he was not alarmed by the 
situation. 

“If we were two years down the road [ 
would have some concerns. But given the fact 
that Project 25 is a new technology, and given 
the fact that smaller agencies need to meet their 
budget. I don’t think it’s too much of a con- 
cern,” he said, 

Jorgensen also pointed out that this might 
change as the technology has been around 
longer. 

“If you were looking two years down the 


road, and the standard had been out four years, 
then there would be some concern. But in a 
transition phase, you are going to see this kind 
of thing. I don’t think it’s that alarming.” he 
said. 

Beise suggested that part of the problem 
could be attributed to Motorola, because it 
seemed to have influenced the specifications 
to benefit itself. 

“Motorola has weighted the standard to 
have about 75% of a compliant system to be 
only available from Motorola. They do give 
their licensing to other manufacturers, allow- 
ing them to use their patent to build competing 
radios—up to a point. If you were going to 
build a million-dollar system, you'd probably 
have to spend $750,000 with Motorola,” he 
said, applying the digital radio standards, 
12.5kHz bandwidth digital format, the Astro 
format. 

“Project 25 might be able to find a home in 
places like Los Angeles, Denver and Hous- 
ton—the big systems that are going to be 
multi-multi-million dollar systems. But a little 
sheriff's department shouldn’t really care if 
their radio works in L.A. Should they pay 
$2,400 for a bulkier Project 25 radio rather 
than $800 for a very nice radio that fits their 
needs? What do they need it for?” Biese said. 

If a few counties in one state opt to forego 
Project 25 and interoperability, it becomes 
pointless for the surrounding counties to be 
compliant. There is no one to be interoperable 
within the direct vicinity. 


Digital ANI: Compatible with 
Motorola’ MDC-1200° 


Micro-Miniature |D-12 


Motorola ad MDG +1200 are cayiitored ademas ol Motorala Ine 


Manufactured by Control Signal® 
the ID-12 ANI encoder is a cost- 
effective way to upgrade all the 
radios in your fleet with ANI that 
is compatible with Motorola MDC- 
1200. Works in all radios, and its 


tiny size (.59" x .65" x .12") allows 
it to fit in virtually all hand-helds. 
Has leading and trailing IDs, 
emergency, and time-out timer. 
Fleet price (100 qty) $89 ea. 


Call 800-521-2203 


[ €Sc | CONTROL SIGNAL 


1985 S. Depew, #7, Denver, CO 80227 
(303) 989-B000 FAX 303-989-8003 
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Narda personal 
monitors make 
sure YOU do 
what's most 
important around 
RF radiation. 


Keep your 
distance. 


Careful. The increasing density of rooftop 
and tower pagers, 2-way radio, SMR, PCS, 
FM radio, TV and cellular transmitters all 
contribute to higher radiation levels. And 
you need to make sure your people are 
protected from getting too close to them. 

Narda personal monitors offer the best 
protection out there. Our monitors use a 
patented, compensated diode technology 
to assure true RMS detection in even the 
most complex signal environments. 

To maximize safety, our frequency 
response matches major safety standards. 
And by sounding alarms at levels equal to 
50% of limits without confusing displays, 
protection is provided without distraction, 

For added protection, the closer 
someone gets to the emission, 
the faster the alarm sounds. 
The next time your people 
work in high radiation areas, 
give them the protection that 
simple diode detectors can't deliver. They'll 
4} thank you for it. 
Every time a Narda monitor goes off. 
Call Narda today at 516-231-1700. 
* Or call our Faxback and ask for document 
1104 at 1-800-4NARDANY. 


narda 


microwave-east 


petted 
an( F2) communications company 


it’s Narda to be precise. Circle (45) on Fast Fact Card 
© 1998 L-3 Communications, Inc. 


COMTELCO INDUSTRIES 


Don’t Be Fooled! 


You don’t have to pay a 
premium price for a 
premium antenna. 


BSXL Series Base 


READERS’ CHOICE 


Of the new products in the April 1998 issue, this one generated the biggest 
reader response. For more information on this product, circle the 
corresponding Fast Fact number on the card found in the back of this issue, 
and mail the card to us. 


Counter tests radios anywhere 


Optoelectronics’ Techtoyz Micro Counter is housed in 
a pager-style case. The counter clips to:a belt or will fit in 
a pocket. With a frequency range of 1OMHz to 1.2GHz, the 
Micro Counter can lock onto a SW UHF radio from as far 
away as 125 feet using the optional TMC100 rubber duck 
antenna. With an initial accuracy of Ippm and a sensitivity 
level of <SmV, the Micro: Counter is: suitable for testing 
radios in the shop or in the field. Three selectable gate 
times are for increased resolution of the frequencies cap- 
tured. The counter has four modes of operation: normal, 
filter, recall and digital auto capture. 


Antennas 


Solid Collinear 
a Center Fed 
Dipole Element 
Structure 


Circle (500) on Fast Fact Card 


Logic analyzers offer easy viewing 
Hewlett-Packard has extended the perfor- 
mance range of its benchtop logic analyzers 
by introducing four flexibly priced series with 
flat-panel color displays. Color displays make 
traces of data, timing waveforms and analog 
signals much easier to view and to correlate. 
The flagship HP 1660ES series features a 
built-in, two-channel digital oscilloscope with 
integrated triggering and the ability to dis- 
Base with play analog signals with logic analyzer data. 
Tough Epoxy The scope offers 500MHz bandwidth, two- 
Coating gigasamples-per-second sampling rate and 
32K samples of memory. An integrated oscil- 
loscope is most useful when both the triggering capability of a logic analyzer and the high 
resolution of an oscilloscope are needed to uncover tough hardware problems. For example, 
users can track elusive problems rapidly by viewing state, timing and analog information 
simultaneously on the analyzer screen using time-correlated markers. 


Fiberglass 
Radome 


Aluminum 


N Connector 
Termination 
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Most Available Custom Tuned 
to your Center Frequency 
from 45MHz to 2.5GHz 


Compare with the 


Best! 


Other antennas may appear 
similar, but are constructed 
using a radome with just a 
copper clad wire inside. 


We invite you to compare our 


Signal strength meter detects RF shadows 


The Fox from Berkeley Varitronics Systems is a five-pound, 
hand-held, battery-powered meter. The models cover a wide range 
of frequencies. The meter measures RF propagation coverage and 
detects RF shadows. It is internally powered (or may be exter- 
nally) and logs test measurements, or displays a wide assortment 
of built-in real-time macro measurements. These include follow 
mode, C/I, RSSI, adjacent channel, best server, peak hold, A- 
band or B-band scan and BER analysis. The meter features high 
measurement rate, internal eight-channel differential Global Po- 


price and performance. 


Call For Free Purchasing Guide 


1-800-634-4622 Fax (630) 790-9799 
Quality Products Made in the USA since 1978 
Comtelco Industries, Inc. 

501 Mitchell Rd., Glendale Hts., IHinois 60139 
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sitioning System (GPS) and fast charge circuit (<2 hours). There 
isa PCMCIA memory system for post processing data, capability 
to input X/Y coordinates from a floor plan and odometer input 
for correlation to distance during drive-around studies, Optional 
dead reckoning is also available, 

Circle (402) on Fast Fact Card 


IDEN handset offers new eines 


Southern LINC is offering Motorola's palm-sized 
i000 IDEN handset. Small and light, this multiservice 
unit adds advanced features, such as speakerphone and 
caller ID, to existing capabilities including instant Line 
(two-way radio), phone service and numeric and text 
paging. The new features of the handset include a small, 
contoured flip design weighing less than five ounces and 
a transparent window for viewing incoming calls and 
pages, scrolling through lists and making instant Linc 
calls without opening the handset. It has a built-in 
speakerphone and caller ID, It also offers a user- 
selectable, phone-only mode for users to detach them- 
selves temporarily from their workgroups during meet- 
ings and non-working hours. The name and number 
display of stored phone and instant Linc numbers 
shows the name and the associated number together. 


Repeater extends 
hand-held range 


The SVR-200MA vehicular repeater 
from Pyramid Communications is avail- 
able for UHF, VHF and 800MHz trans- 
mitters. The repeater extends the range of 
the hand-held radios by interfacing be- 
tween a high-power mobile radio and a 
low-power hand-held, and is Motorola 


PAC/RT, LTR, EDACS and Motorola Crystals meet low phase noise apps 


Gunking compatible, The eeceee features International Crystal Manufacturing’s specialty crystals have tight calibration toler- 
see ee een sie the ances, temperature tolerances, resistance tolerances, shock and vibration and phase jitter 
ability to create a priority muonit ster: requirements. ICM produces thru-hole packaged specialty crystals. The TO-5 (HC-35) crys- 
shy for as ae ae a O vehicles. in a tal has a range of |OMHz~180MHz, specified at series resonances and optional tempera- 
dition, the unit offers first a with tures of 25°C or 75°C. The TO-5S, with a standard lead length of 0.5", is mounted at two, 
sales sampling. This 3 three or four points for superior shock and vibration performance. Although these crystals 
3.275" X6"X 1.12") offers benefits to are specified at series resonances of 25W-100W and operational temperatures of 25°C or 


ata _— , ——, utilities and 75°C, they can be manufactured to meet other values if the requirements are specified when 
eects by providing wide-area coverage the order is placed. 


without expensive satellite receivers, 
maintaining communications even inside 
buildings and eliminating the need for 
pagers and cell phones. 
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Antennas serve 
fleets, public safety TelePath 


Larsen Electronics’ low-cost, is an authorized 
pre-tuned quarterwave antennas are for eer 
VHF, UHF and 800MHz/900MHz distributor for the . . . 
frequencies. 


This line is 
for fleet serv- 
ices and public 
safety. Each 
quarterwave 
antenna is man- 
ufactured with 
stainless steel 
whips, brass 
contacts and 
chrome-plated 
nuts for dura- 
bility. All 8 A e 

Larsen quarter- , e 1 ee ees 

waves are SS. asiat 4) SSB tan es 

backed by a_ | ay ?*)\TelePath TelePath i P h 
warranty. e sad oleisd3.. e cS at 


three-year 
Commercial Communication Equipment 


(AA) MOTOROLA 


TS10 Portable 


In Stock Now 


Available for Immediate Delivery 


Dealers 
The TS10 Portable is a Full Margin Product 
Call Today 
1-800-292-1700 


1-510-656-5600 


Authorized Motorola Distributor 
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49111 Milmont Dr. * Fremont, CA 94538 » www.telepathcorp.com 
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ics 


© ‘Available 


Holaday has 
the keys ... 


* Easy-to-use, graphical ELF, 
VLF, RF instruments 

* EMF analysis software 

* Personal protective 
equipment 

* Training, site surveys and 
technical support 

¢ Full calibration services 


We do our job so you can focus on yours. 


Telephone: 612-934-4920 » Facsimile: 612-934-3604 
E-mail: sales@holadayinc.com » Internet: www.holadayinc.com 


Circle (34) on Fast Fact Card 


Commercially 


Automatically 
Suppress _ 
Co-channelliy, 
Adjacent'Chan nel 
& Broadband’ 
Interference 


* Military 
Anti-Jamming 
Technology 


ty 


WV ADLANANAAA 


% 


WN 


fh cf Pi 


CMA-2032 Antenna Signal Processor 
CAC 


CANADIAN MARCONI COMPANY 


(613) 592-7440 Email: asp @kan.marconi.ca 
(613) 592-7434 Web Site: www.marconi.ca 
1-888-262-2032 (1-888-CMA-2032) 


Tel: 
Fax: 


“Providing innovative solutions to Interference Problems" 
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Brochure features capabilities for 
microwave, RF communications 


Communications & Energy has released a capabilities brochure 
for microwave and RF communications. The 11-page brochure con- 
tains a description for C&E’s design, engineering, production, repair, 
realignment, field service, print- 
ing and publishing capabilities. 
It also contains a synopsis of the 
organization’s history, markets 
and customers. A cross-sectional 
sample of products are pictured 
in the brochure as examples of 
the kinds of products that the or- 
ganization has designed and 
produced. The brochure con- 
tains a fax-back inquiry form 
for either requesting a quotation 
on a custom product or order- 
ing the company’s catalogs of 
standard products. 

Circle (451) on Fast Fact Card 


Second-edition reference manual 
assists telecom engineers 


The second edition of the Reference Manual for Telecommuni- 
cations Engineering, now revised, updated and expanded, incorpo- 
rates all of the changes that have taken place in the industry, The 
manual, published by John Wiley and Sons, continues to provide 
the latest information on designing, building, purchasing, operating 
and maintaining telecommunications systems of all kinds. The ref- 
erence, consisting of over 2,300 pages, features tables, graphs, fig- 
ures, formulas, nomograms, statistics, standards and regulatory in- 
formation that telecommunications engineers must know, use and 
apply in their day-to-day work. Information is broken down into 31 
subject areas designed for instant access and application, To help 
users retrieve data, the book provides an index, a listing of acronyms 
and abbreviations as well as extensive cross referencing. 

Circle (452) on Fast Fact Card 


Publication provides uninterruptible 
power testing information 


Hewlett-Packard has published Testing Uninterruptible Power 
Supplies with Hewlett-Packard AC Sources This publication is free 
and provides information on how HP 6800 series ac power sources/ 
analyzers can be used to help test uninterruptible power supplies 
(UPS) in many environments, including research and development, 
manufacturing and incoming inspection. The document is designed 
to help engineers and test professionals simplify their characteriza- 
tions and testing of control circuits and final product performance. 
It explains how HP ac source testing determines if a UPS is de- 
signed and operating properly, which will help ensure the satisfac- 
tory protection of sensitive equipment against ac mains voltage 
abnormalities. 
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Jasin Hillard Engle 


Ackzen 


Mark Jasin departs Ritron, Carmel, IN, as national sales man- 
ager to become Midwest regional sales manager for Kenwood Com- 
munications, Long Beach, CA. 


James C. Hillard, leaves the American Society of Association 
Executives, Washington, DC, as manager of the technology section 
and educational programs to become institute director for APCO- 
International, South Daytona, FL. 


Michael C. Engle, leaves Microwave Networks, a division of 
California Microwave, Redwood City, CA, as vice president of mar- 
keting and customer support to become vice president of interna- 
tional sales for Tadiran Microwave Networks, Houston. 


Motorola and the executive board of the Motorola Trunked Users 
Group (MTUG) presents the Danny Smith Award to Brent Ackzen, 
a bureau commander in the Glendale, AZ, police department and 
MTUG southwest regional director. The award recognizes individu- 
als who have shown outstanding leadership and service to MTUG. 


Craig F. Szczutkowski leaves Ericsson Private Radio Systems, 
Lynchburg, VA, as vice president of international business to be- 
come senior vice president of product and market development for 
Transcrypt International, Lincoln, NE. 


Robert Ripp, executive vice president of AMP, Harrisburg. PA, 
advances to chief executive officer. 


Pamela Morais leaves Atlantic Cellular, Providence, RI, as vice 
president of human resources to become vice president of human 
resources for Crown Communications, Pittsburgh. PA. 


Holmes Bailey, president of ECI, Rutherford, NJ, becomes gen- 
eral manager for Berkeley Varitronics Systems, Metuchen, NJ. 


Ron Brann leaves Cabletron Systems, Rochester, NH, as inter- 
national sales manager to become international account manger at 
Gabriel Electronics, Scarborough, ME. 

Changes at Intek Global, Princeton, NJ: 

Howard Frank, dean of the Robert H. Smith School of Business 
at the University of Maryland, will serve on the audit committee of 
Intek’s board of outside directors. Eli M. Noam, senior faculty 
member in the Finance and Economics Department at Columbia 
University Graduate School of Business and Director of the Colum- 
bia Institute for Tele-Information, will serve on the compensation 
committee, also of the board of outside directors. 

William H. Cole moves up from director of business develop- 
ment to president of Airtech Wireless, Carrollton, TX. 

Bruce Bishop, vice president of engineering at TECOM, 
Chatsworth, CA, becomes the company’s president. 

Tony Gutierrez leaves BK Radio/RELM Communications, 


Melbourne, FL, as international sales director to become director of 
sales for RF Industries, San Diego. 


TRANSMITTER LOCATION 


New fixed site direction 
finders provide 2 degree 
accuracy, and include 
software for triangulation from 
a-central: control site. Mobile 
versions also available covering 
50MHz to 1 GHz 


Doppler Systems Inc. 


PO Box 2780 Carefree, AZ 85377 
Tel: (602) 488-9755 Fax: (602) 488-1295 
www:dopsys.com 


: European Marketing Director Denis Egan 
PO Box 2, Seaton, Devon EX12 2YS England 
Tel:& Fax: 44 1297 62 56 90 


of Bate, 


Record Your 
Telephone and 
Radio Calls 


AVOID LEGAL ACTION 


DOCUMENT AND VERIFY CRITICAL 
RADIO & PHONE CONVERSATIONS 


AUTOMATIC TIME & DATE IMPRINT 


2 to 20 Record Channels 


@&2*, COMMUNICATIONS 
RECORDING SYSTEM 


DESK TOP OR RACK MOUNT 
3087 Alhambra Drive 


Cameron Park, CA 95682 
Phone (530) 677-3210 
Fax (530) 677-4714 
www.jei-inc.com 
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D.T.M.F 
DECODER 


For interconnect and remote 
control applications 


The Model 

NC401 is a — 
micro- 
minia- 
ture 
DTMF 
decoder, 
designed for 

selective control of local 

or remote applications. $59.95 
Measuring .80"W x 1.37"L x.23°H, the 
NC401 combines three distinct, multi- 
addressing decoders offering multiple 
user-configurable functions. All pro- 
grammed features are stored in non- 
volatile E2Prom memory and are easily 
programmed by means of a conventional 
DTMF encoder or the Model NC500 
Universal/P.C. programmer. This highly 
engineered decoder is ideal for portable 
radio applications having limited space 
for accessories. The NC401 comes 
complete with micro-miniature 14 pin 
header and 12” color coded cable 
assembly. 


VOICE SECURITY 
ENCRYPTION 


lauiinn Mode} 
inversion NC802 
scrambler 
designed 
to 
provide 
intermediate 

level security for 

two-way radio voice 

communication systems “ 

and is a perfect, soak esate $59.95 
solution to entry-level voice scrambling 

as a defense against unauthorized or 
casual listeners. The NC802 provides 
eight user selectable carrier codes 
commonly used by other manufacturers 
and interfaces easily to most radios with 
near transparency to the user 


For Detailed Specifications or Product Catalog 
call our 24-Hour NorFax retrieval system 
at 530-477-8403 or E-Mail Pee tte Ee ROLE net. 


(\Bvoncom 
DATA SIGNALLING PRODUCTS 
800-874-8663 


15385 Carrie Or., Grass Valley, CA 95949 USA 
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UNITED STATES 
POSTAL SERVICE 


Statement of Ownership, Management, and Circulation 
(Required by 39 USC 3685) 


. 


i2 Free to Qualified 
7. " Corngleta Maing AGGrass of Kiionn Ofice of PoDucaion (Mot panier) (Sweet, cty. county, state, and ZIP +4} 
Primedia Intertec Corporation 

9800 Metcalf Avenue 

Overland Park, KS 66212-2212 Johnson County 
8, Complete Mailing Address of Headquarters or General Business Cfice of Publisher (Not panter) 
Primedia Intertec Corporation 

9800 Metcalf Avenue 

Overland Park, KS 66212-2212 Johnson County 

9, Full Names and Compiste Mailing Addresses of Puttisher, Ecitor, and Managing Editor (Oo not teave dlark) 
Publisher (Name and complete mailing address) 

Mercy Contreras 

Primedia Intertec Corporation 

5660 Greenwood Plaza Suite 350 Englewood, CO 80111 

Editor (Name and complete mailing address) 

Don Bishop 

Primedia Intertec Corporation 

9800 Metcalf Avenue Overland Park, KS 66212-2212 

Managing Editor (Name and complete mailing address} 

Tom Cook 

Primedia Intertec Corporation 

9800 Metcalf Avenue Overland Park, KS 66212-2212 


10. Owner (Do not leave blank. if the pudlication 13 owned by @ comporapon, 


Tetepnone 
913-967-1640 


Full Name Complete Nailing Address 


Primedia Inc 745 Fifth Avenue 
|New York, N¥ 10151 


Se 


11, Known Bondhoiders, Mortgagees, and Other Secunty Hexdars Owning or 
Hoiding 1 Percent or Mora ot Total Amount of Bonds. Mongages, of 
Othor Socunties. It none, check box § ——_—__ ng 

Full Name Complete Malling Addrese 


1 


12. Tax Status {For completion by nonprofit organizations aumonzed fo mail af special rates) (Check one) 
Tho purposa, functon, and nonprotit status of mis organizapon and the axempt status for lederat income tax purposes: 
YC1_ Has Not Changed Ouring Preceding 12 Manths 
© Has Changed During Praceding 12 Monins (Punisher must submit explanation of charige with inis statement) 


13, Publicatton Titte 


14. Isgu@ Oate for Cérculanon Data Selow 


September 1998 


Average No. Coples Each Issue 
During Preceding 12 Months 


Actual No. Copise of Single |seue 
Published Nearest to Filing Date 


(1) Sales Through Dealers and Carners, Street Vendors, 


b. Paid and/or and Counter Sales (Not mailed) 
Roquosiod 
ci (2) Paid or Requested Mail Subsenptions (incude 
advertiser's proof copies and axchange copies) 25,997 


c. Total Paid and/or Ri Cireutation > 


(Sum of 1$0(1) and 156(2)) 26,051 25,997 
d. Free Disisbution by Mail 
(Samples, complimentary, ard cther ree} 1,356 1,315 


1, Totat Frae Olstribubon (Sum of 15d ard 15¢) >» 


g. Total Distribution ¢Sum of [5c and 75t} 


(t) Oltice Usa, Lettovers. Spolled 


h, Copins not 
Diniributed 


(2) Retums tron News Agents 


|. Total (Sum of 159, 15h/1), and 15hnf2)) 


Pescont Paid and/or Requested Circulabon 


(15e/ 1g x 100) 93% 93% 
16, Pubbeabon of Statement of Ownersmp 

XB Puptcation required. Wil be panwed.nne_ November tssue of Dus publication. 

© Pudtcaton not required. 
17. . Business Manager, or Owner [Date 


Ti 2 


| cartity that all information furrsshes’on tes ‘oem ss true and complate. | understand mat anyone who fumishes false cr musieacing infarmatian an this farm 
Of who o¢ris material or information requesteg on me form may De sucryect to cnminal sanctions (inclucéng fines ard impnsanment) andor civil sanctions 
{including multiple damages and cual peraibes) 


lsepr Mf 1998 


EDiTOAIAL Puecror 


48 MOBILE RADIO TECHNOLOGY November 1998 


Reserve your spot in the next issue! 


Phone: 913-967-1861 
800-347-9375 
Fax: 913-967-1735 


Mail: 9800 Metcalf Ave., 
Overland Park, KS 66212 


Dawn Rhoden 
Classified Advertising 
Manager 


Business Opportunity .. 
Computer Software ..... 
Employment .....c0000 
Equipment For Sale .. 


Professional Consulting Services .. 
Professional Services 


Tower Services . é 
TOIT RUIN 5s cavenssssiiviemneidteoseieatanx 


professional services 


FREDERICK G. GRIFFIN, P.C. 
3229 Waterlick Read 
Lynchburg, VA 24502 
(804) 237-2044 
NATIONWIDE COMMUNICATIONS CONSULTING 
Mobile Radio, Microwave, E9-1-1, 
CAD, Paging, LAN. 
Dispatch Communications Centers 
Multi Site Propagation Analysis 


MCCON 


Mobile Communications Consulting 
S.R. McConoughey, P.-E, 
Principal 


13017 Chestnut Oak Drive 


Gaithersburg, MD 20878 (301) 916-2837 


OMNICOM, Inc. 


COMMUNICATIONS ENGINEERING 


GENE A. BUZZI 
PRESIDENT 


930 THOMASVILLE ROAD, SUITE 200 
TALLAHASSEE, FLORIDA 32303 

PHONE: (850) 224-4451 » FAX. (850) 224-3059 
E-mail: amnicom@polaris net 


KEEPING , PORTABLE D EPOT, 


PORTABLE 
SERVICE, INC. 


* FACTORY TRAINED TECHNICIANS « 
& ¢ SURFACE MOUNT TECHNOLOGY « 
« FACTORY APPROVED NATIONWIDE « 
* EDACS & AEGIS = 
* VOICE GUARD CERTIFIED « 
* MPO, MPA, TPX, PCS AND ALL CURRENT PRODUCTS « 
Route 2, Box 338C « Lynchburg VA 24501 


ericsson 2 804-237-3427 BEE 


HERB SACHS, CONSULTING 


121 Crowall Lane = Lynchburg, VA 24502 


GE Portable Radio Service Depot 
Factory Approved Nationwide 
¢ Current Product Lines 
FACTORY TRAINED = Voice Guard Certified 
TECHNICIANS 
FOR QUALITY SERVICE 


*Public Service Trunking 
804) 239-3049 


* Surface Mount Technology 


GE PORTABLE SERVICE 


* FAST TURN 
* WARRANTY 


PROJECTS UNLIMITED 
1) INTERNATIONAL 

Speciatizing in Communications Solutions tor Developing Cauntries 
international and Domestic Consulting Services 
* » Voice/Data HF/VHF/UHF/Spread Spectrum 

* Fax & Internet emall by HF radio 

* Manufacturer Support 

* Installation/Training 


P.O. Box 146, Twin Peaks, Catitornia 92391 USA 
909-336-5216 909-336-5217 Fax 
email: projuntta @compuserve.com 
http-//ourworld compuserve com/homepages/projunitd/ 


MTVROTT 


* $48.00 hr/2 hr. MAX 
* PARTS GE LIST 
* RETURN UPS PAID 


Speclalist in Public Safety Communications 


P.O. Box 729 
Bowie, MD 20715 
301-464-4268 


502-683-0936 


accessories 


WIRELESS CELLULAR 
CAR STEREO MUTE 


iy ONLY 1 WIRE INSTALLATION + GROUND! 

INSTALLS IN JUST 2 MINUTES” 
Unique patented plug in fuse replaces car stereo tuse 
to cut out power to radio when unit detects the AF 
signal from any analog or digital celular phone. When 
your phone rings. it shuts down the power to your car Part No. 9122RFK 
tadio and turns radio back on when you end the call--- 


all without any wires! (Wil not work with PCS} § 4. 9 gS 
MAC CE L E_ . r61: (562) 809-5090 * FAX: (562) 809-1248 


ELECTRON! 


Smith Communications Service 
2121 W. Parrish Ave., Owensboro, KY 42301 


COMMUNICATIONS GROUP 


RAYMOND C, TROTT, P.E. 
Chairman 


1425 Greenwoy Drive, Suite 350 
Irving. Texas 75038 


wae GB | 972/580-1911 * Fax: 972/580-0641 


employment 


TWO WAY RADIO TECH/SALES 


40-year-old GROWING Multi-line Dealer with multiple facilities 
in Indiana, Kentucky and Arkansas has immediate need for 
Mobile & Portable Two-Way Technicians and Sales Staff with 2 
or more years of experience on Motorola, G.E., Kenwood, Stan- 
dard, LTR or similar equipment. FCC or NABER Certified. Full 
benefits, competitive wages, incentive bonus package, excel- 


lent working conditions and advancement opportunities. 
Send resume to: 


1-800-288-2430 or FAX: 1-317-248-0118 
COMMUNICATIONS MAINTENANCE INC. 
5601 Progress Road 
Indianapolis, IN 46241 
Attn: Personnel Dept. 
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ee classificd es 


Communication 
Electronic 
Engineer 


Phoenix 


Applicants with BSEE and exten- 
sive experience in engineering, 
planning, design and project 
management for analog/digital 


employment 


YOU'VE NE 
FUTURE LIKE 


There’s a good reason why a number of industry experts describe Nextel's 
latest developments as astoundingly innovative - just look at the people 
behind them. They know they're part of something unique and special. So 

start expanding your creative freedom like never before, with the company 
that’s used to giving some of the biggest names in the business world a lot 
more of the unexpected. Nextel. 


Due to growth and expansion, we have opportunities for the following: 


microwave radio, VHF/UHF con- 
ventional and trunking mobile 


Kansas City 


*¢ Performance Engineers 
« Systems Engineers 


Chicago 


© Sr, RF Engineers 
* Systems Engineers 


radio, spread spectrum radio and 
telephone systems sought by 
Western Area Power Admini- 
stration. 


For information and application 
forms, call our Job Hotline at 
602-352-2666 or visit our home 
page at www.wapa.gov. 


Western's Desert Southwest 
Region operates and maintains 
more than 2,100 miles of trans- 
mission lines and more than 40 
substations in the interconnected 
electrical transmission grid. 


Equal Opportunity Employer 


COMMUNICATIONS 
TECHNICIAN 


30K to 38K depending on qualifica- 
tions; plus profit sharing and other 
benefits. Positions open in Ukiah & 
Eureka areas of Northern California. 
Must have FCC or Naber certifica- 
tion. Two years experience working 
with Motorola, trunking, LTR, micro- 
wave would be a plus. 


mc Pease. 

BAAS COMMUNICATIONS, INC. 
2081 Wellmar Drive 
Ukiah, CA 95482 

FAX: 707-462-9749 


| 


St. Louis 
¢ Sr. RF Engineers 


In addition to a bright future in a growing, dynamic industry, we offer an outstand- 
ing benefits package that includes an employee stock purchase plan and 401(k). 
Send resume and salary history, indicating position of interest, to: Nextel 
Communications, 7007 College Bivd., Suite 500, Overland Park, KS 66211. 
FAX: (913) 663-7385 EOE 


NEXTEL 


www.nextel.com 


©1998 Nextel Communications. All rights reserved. Nextel, the Nextel logo, You've Never 
Had A Future Like This Before, and Nextel Direct Connect are trademarks and/or service- 
marks of Nextel Communications, Inc. 


TWO-WAY RADIO TECHNICIANS 


Motorola MSS/Full Line Dealer in 
Central Florida has openings for 
bench and field techs. Motorola 
experience preferred. FCC and/or 
Naber required. Send resumé with 
salary requirements to: 

Tri-Co Communications Inc. 
Attn: Brad Barber 
4651-B NW 6th St. 

Gainesville, FL 32609 


Ph: 800-228-8501 
fax: 352-377-9549 


hire 


COMMUNICATIONS TECHNICIAN 


One of Motorola's largest independently owned 
service organizations is seeking motivated in- 
dividuals to service and install communica- 
tions products and systems. Two years expe- 
rience and Naber or FCC certified preferred. 
Opportunities available in several locations 
throughout the Southeast. Top pay, benefits 
and 401K plan, Please send resume to: 


Hasty’s Communications 
Attn: Mike Hasty 
112 Key Drive 
Brunswick, GA 31520 
(912) 264-2765 


GCanDou COMMUNICATIONS 
Growing Southern Califomiu company seeking 
experienced individual for the following position 

* Installaton/Tower Climber 
Install RF infrastructure, base stations & mobile units. 
Excellent opportunity for self-motivated individuals. We 
service the Western United States, some travel required. 
Please send qualifications and salary requirements 

Contact us via fax; 619-530-8018 
e-mail: CanDoyCom@acl.com 

Address; 9235 Trade Place, Suite I 

San Diego, CA 92126 


When you’re looking for 
qualified professionals, turn to 
MAT classifieds for all your 
recruitment needs! 
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Lift over 15 million pounds 


d day with your mind. 


Sophisticated software systems, from lasers to robotics, and the people who can make 
it happen, help FedEx move 15.3 million pounds of packages daily. You will ensure 
responsible and proficient maintenance for our telecommunications, computer systems 
and related data, voice and radio systems, Position is available on Long Island, NY. 


SERVICE TECHNICAL REPRESENTATIVE 


Successful candidates will have: 
#2+years of 


antennas, modems, data line computers, LAN and CRTs 
» An Associate's degree in Engineering, Electronics, Computer Science or equivalent 
* FCC general radio-telecommunications license or NABER/PCIA certification 


rience in field installation and maintenance of radio and computer equipment including radio repeaters, 


© Familiarity with low and high band, Motorola mobiles and repeaters and test equipment 
* Knowledge of MS-DOS, and UNIX, PCs and Windows, Windows NT preferred 


© Strong interpersonal and communication skills 


Candidates must be at least 2] years of age and must not be color blind. Must be able to operate FedEx vehicles in compli- 
ance with established polices and practices. The ability to lift 75 Ibs. and maneuver packages any weight above 76 Ibs. with 
appropriate equipment and/or assistance from another person is necessary. Health and safety monitor required as well as 


clean MVR, 


FedEx offers an excellent salary and exceptional benefits package, If qualified, please indicate geographic preference and 
send your resume, salary requirements and copies of either FCC or NABER/PCIA certification (must be included for con- 


sideration) to: 

Federal Express Corporation 
Attn: Technology Services/EF 
570 East 108 Street 
Brooklyn, NY 11236 

To leam more about working 
We are an Equal Opportunity Employer. M/P/DYV. 


Together we're 


WIRELESS SYSTEMS 


| SCI provides integrated solutions & on-going sup- 
] port to the wireless and cellular marketplace. 

We currently have Domestic and International 
| projects in the following areas: 


I «Microwave =» Optimization/Tuning 


J - Pcs * GSM 
I * RF Systems * Autoplex 
* Propagation * Networking 
I * Deployment »* CDMA/TDMA 


| * Domestic & Int'l Field/Customer Support 
I » Switch/Software/Protocol Development 


| For immediate consideration, email or 
fax your resume to: 


= C] 4736 Main St. Suite 7 MRT 
== 


Lisle, IL 60532 
EOE 


Fax: 630/960-2993 
o_o oe ee eee ee 


E-mail: sci@interaccess.com 


ing with FedEx, visit our website at wwwfedexcom 


the 


Federal Express 


total package 


First 


Communications 

Our growing company is the dealer/dis- 
tributor for MOTOROLA communications 
products in several SE markets. We spe- 
cialize in Two-way radio, SMR, Paging 
and Cellular. We are looking to fill several 
positions created by our growth. We seek 
highly motivated individuals who want a 
rewarding career with an industry leader. 
The following opportunities are full-time 
positions with excellent benefits. 

¢ Division Manager 

* Radio Technician 
Please specify your position of interest 
and send resumé to: 

FIRST COMMUNICATIONS, INC. 
Attention: Career Opportunities 
P.O. Box 2234, Tallahassee, FL 32316 
Fax: i at 


oO 
For details, call Jennifer Ford, Mon-Fri 
between 2 PM-4 PM at 850-576-7113. 


Invest your advertising dollars where your 


prospects invest their time... 


MRT CLASSIFIEDS! 


November 1998 


WUntiaay 
a tay, 
SS Nyy 


A, 


WISCONSIN DEPARTMENT OF TRANSPORTATION 


LULL 
a Wty, 
s 
My s 
“tran 


Ly s 
Merry 


ELECTRICAL ENGINEER MANAGER 
DEPUTY BUREAU DIRECTOR 
MADISON, WISCONSIN 


The Wisconsin Department of Transportation 
(WisDOT), Division of State Patrol, has a cur- 
rent opportunity in Madison, Wisconsin. Madi- 
son has been ranked among the top places to 
live in the U.S.! Madison has many attractions, 
including beautiful lakes, music, sports, theater 
and much more! Starting pay is between $49,485 
and $75,168, depending on qualifications, plus 
excellent health, retirement and other benefits! 
A two-year Career Executive trial period is re- 
quired. 


JOB DUTIES 

¢ Provide administrative and programmatic 
supervision of section chiefs and staff 
within the bureau. 
Assure the internal and external coordination 
of all program activities. 
Assist in the planning, organization and 
management of a complex statewide commu- 
nications network with its ancillary programs. 
Provide functional guidance to other organi- 
zations. 
Represent the Bureau Director in the Director's 
absence and/or as assigned. 


KNOWLEDGE AND SKILLS REQUIRED 

* Thorough knowledge of electrical engineering 
fundamentals, principles, and practices 
Microwave systems engineering, as well as 


application of related techniques to a state- 
wide microwave network to analyze opera- 
tional efficiencies and methods, system qual- 
ity and capability, suitability of design, and 
appropriateness of develoment 
Telecommunications planning and plan devel- 
opment techniques 

Design, construction, and testing methods 
for applications to electronic and communica- 
tions circuits and systems 

Statistical principles 

Administration, supervisory and management 
techniques 

Excellent communication and human relations 
skills 


Special Requirement: Must possess a PE, EIT, 
Registration as an Architect, or have graduated 
from a recognized college or university with a 
degree in architecture or in a related engineer- 
ing field. 


HOW TO APPLY: Apply with a letter of interest 
and a current resume which shows your qualifi- 
cations, experience and education relating to the 
job duties, skills and knowledge above, Please 
confirm that you meet the special requirement 
mentioned above. Materials will be evaluated 
and the most qualified candidates will be invited 
to participate in the next step of the selection 
process. 


DEADLINE: Application materials must be re- 
ceived in our office by 4:30 p.m. on Wednesday, 
November 18, 1998. Send to Grace Bernu; DOT 
BHRS; 4802 Sheboygan Ave., Rm. 410, PO Box 
7915; Madison, WI 53707-7915; or e-mail to 
grace.bernu @ dot.state.wi.us; or fax to Grace 
at (608) 264-9972. For questions about the 
Position or a position description, please call 
Amy Wazny at (608) 261-6302 or Jeff Fischer 
at (608) 266-7536. 
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mm. -) DEPARTMENT OF 
CONSERVATION 


COMMUNICATIONS TECHNICIAN 


The Department of Conservation, Bureau of 
General Services, Radio Communications Unit, 
has a current full-time vacancy in Old Town, 
Maine. 


Brief Job Description: This is technical ser- 
vices work in installing, maintaining, and re- 
pairing electronic communication. microwave, 
and radar equipment including avionics 


¢ Operates, maintains, installs, and calibrates 
microwave and frequency meters and counters, 
oscilloscopes, and radar equipment. 

* Maintains proficiency in electronic, radar, and 
microwave techniques and theories. 

* Maintains, installs, repairs. and services 
Stationary, mobile and aircraft radio receivers 
and transmitters, public address systems, 
and other radio devices or supplementary 
equipment. 

Minimum Qualifications: A four year com- 

bination of education, training. and/or experi- 

ence which demonstrates a knowledge of elec- 
tronic communication repair and maintenance, 
including experience with avionics. Must pos- 

sess a General Radio Telephone Operator Li- 

cense as issued by the FCC. 

Salary Range; $23,670-3$32,011; Value of 

State-Paid Health and Dental Insurance: 

$141.92 biweekly; Value of State’s Share of 

Employee Retirement: 12.20% of pay. 

Applications are available at the Bureau of 

Human Resources, #4 State House Station, Au- 

gusta, Maine 04333, 207-287-3761 (voice), 

207-287-4537 (TDD) or by accessing the Internet 

at www.state.me.us/bhr/career/career/htm 

Applications must be sent to the Bureau of 

Human Resources no later than December 18, 

1998. 


THE MAINE DEPARTMENT OF CONSERVATION IS AN 
AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER. 
MINORITIES AND WOMEN ENCOURAGED TO APPLY. 


READY 


WHEN |. 


Post a job opening and promote your 


company and with an Employment ad 
in MRT classifieds! 


Contact Dawn Rhoden 
800-347-9375 * Fax 913-967-1735 


‘Wanted: Pagers - Minitor II 


equipment for sale 


Voice Page r with M onitor (4) Durable Motorola KeyNote® pager 


(J Reconditioned to factory specifications 


@) We add our unique Monitor Adaptor - Pager 
functions the same as a Minitor II[® in Monitor mode 


(©) 90 Day Warranty with optional extended warranty 
[X] Price below is on Your Frequency and programmed 
to Your Paging Tones 
51 - 100 units $132 each 


1 - 20 units $135 each 
21 - 50 units $128 each over 100 units $115 each 


Dealer prices only, end user prices slightly more 


Available options: 
*Vibrator add $5 

*Voice Storage add $10 
*New NiCad Batteries $6 
*Used chargers $19 


*Extended Warr 
1 extend 2 Years $18 per 
year - 3Years $17 per year 


*Minitor II pager repair just $29.50 
includes all Parts and Labor 
*Minitor I & II tone reeds $25 each 
*Minitor I] Scan Adaptor (scan 2 channels 
$55 installed, or do it yourself kit $45 
*Minitor II freq conversions (board swaps) 


Paging and Wireless 
Service Center 


800-822-2180 


International: 561-683- 0022 |e | 
Fax: 561-683-0059 


e-mail: Se com 
.com/} 


Check out our Web specials! 
www.radiocomm.com 


«Wholesale prices to Dealers Only. 

*Self-servicing users welcome. 

*We carry a wide selection of both radios and 
accessories for your convenience. 


oO” 


“Oy M sv 


*We have a Flat Rate Repair service. 
*We sell and install MX-COM boards. 


800-7 26-9015 * 612-808-0069 
fax: 612-808-0087 
email: sales@radiocomm.com 


Your Full Service, 
VALUE-ADDED Distributor of 
Communications Products. 


Circle (101) on Fast Fact Card 


ERICSSON Z Z WHOLESALE". 


. PRS radio sales to dealers only * Trunked 
Authorized Distributor 


+ Accessories 


COMMUNICATION 


SAMLEX 

Power Supplies 
WHELEN 
Automotive 
Safety & Warning 
Signals 
COMMSHOP 
Software 


www. sharpcom.com 


1-800-548-2484 Fea) =. C3 


Circle (102) on Fast Fact Card 


* BOARDS * STRIPS * ACCESSORIES « ELEMENTS «REEDS» 

PCI — PEKAAR COMMUNICATION INC. 
Specials of the month $ Steve's back, formerly of Gregory Electronics Comp, 

worbs A Mitrek Tabletop base model Ldd JJA 40 watt UHF 450-470 fange . 

MOTOROLA portable MT-500 modo! H34BBUI184A 450-470 range. 8 froq.. wiballary & antonna 

MOTOROLA local controls motel TIS70A F 

GE MPD portable wiaccessories, bari 150-170 fange wivaiceguard 

GE DELTA S of SX Mobie—110w, nebandd 1s0 7 70 ran e wiaccessaros 

GE MPS Portables synthesized version It band with battery 

GE DELTA tabietop base 


* TRADE = 
Ange 


mae "108 S duplezer & cabinet 
Ononly Scan/grey case with accessones 


- 
pa 
uu 
” 
. 


$125 
Call (973) 772-0704 
SdidlS* SdHVOd> 


edgvule 13S 


° BUY 


*Sds4u « SLNSWS3T3 « S3aIHOSSSDNV « 
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meee classificd 


BUY « SELL » TRADE « CLEAN WORKING EQUIPMENT 


Sansa. fageatara. Pacing TX 
20-MSF 6000C 740XB 7106 450 MHz 100 Repeater 
Mot MCR-100 UMF 25 Wert Reporter 


50-Micor Dase/Repeaters 100-375 Watt Low or VHF 
4-4MSR 2000 Base/Paging TX C74GAB & CTIKSE Apt... .. 
20-Maatr |) Beee/Repeaters 60-250 Watt All Banca 
20-Mitrek Base 100 Watt Al Bands... 
25-Awection Pioneer 1000 VHF Repeaters ACSB : 
Mickohne 75-00 hibx. 
200-Mirek 30-29 Mir 100 Wet ... . 
300-Mirek 30-50 Mitz 60 Wen .. 
1O-Syrtor X 30-60 MPtz 100 Want 

20-Oets 3642/4260 MHz 100 War 

200 Maat 30-50 MH 60-100 Watt 

10-Midand 70-0568 100 Watt AYM, 36-42 MHz 


gef eeeee 


Ps 
as 


Moheiies 180-175 itz 
2O-Mitrek 45-00 West 4 Ch, 

@-Midland 70-480 8 FVM 
SO-Byraoe X 110 Wath 82 OM 
Minor 49-100 Watt 4h... 
20-Matr 11 00-100 Wart & Ch 

SO-MVP 95 Walt Moblle/Repeatar 
20-Dokta 8 100 Wut Pscind 
60-PAC-AT 1.8 Watt Mobile Fleposter oo... cc cccss 
200:Acrotron Ploneer 2000 ACSE 

HE Mobiles 450-470 Mite 


seeeie 


ee 
88 


50-Synicr X 9000 T74KEJ 110 Watt 
10-Spectra TRAFWATHASAK 110Wer 

4 Ranger S0Waet 

O-Oets SX 100 Veet 

20-Syrmere X TMVBN 32 Ch 4ow 

20 System 9000 PAC-AT 4KEA200GA, 
50-Maaw ll 45-100 Wat Repeater Budiers 
15-Mot PAC-RT Mobile Repeaters 


Beek £ 


4 
8 


30-Mateok TASJJA SO Watt... 

000 Mitr Mobltes 

10-Grnert NLT, Povtabie, SATS-2000, MTX GODOT, STX . 
20-Synior X 9000, 35 Want = 

10-Specira TASKGASSICRAK 182 Smarthet we! vrs 4 Siren 
S-Specira OASKMATIASAK ws: . 
60-Mastrac BOOT 15-35 Want B-1-6-7 i $150 
4-GE NOX 600 PM B25N Cal 
30-Symior X TASVEV 35 Wan Dual Mode 3100 
20-Spectra 90087 FK “ ca 
20-EX 1 35 Watt WM 8 PA $100 
100-Mostars, Micors, Trmumrs, Mxfiand, TAC, TEC, GE From, so 


geee geek 


‘Mizc Nems 

14R 2001 B Serv, Mon. Good Condition ..._._ 
30-Spectra Tac Voter Rec'Comparaiors 

40-Certracean it Control Eq, Consoles BA. CEB. Prneia, Cabinets Cal 
6-Contecom | Consoles & Lots of Parts . rye Call 
10-CE Voter Panets = 
Ssoo-MOT 4 GE Tone & OC Remuates AS Types 


BARNETT ELECTRONICS INC. 
330 MWY 236 W., Lonoke, AR 72086 
ORDERS & BADE: 800-423-3855 FAX: 301-676-2475 


© For Expanded List, updated weekly, look at our 
Website: www.barnettelec.com 


Info: 501-676-5506 
VISA & MAC Accepted, NO COD’s 


Circle (103) on Fast Fact Card 


PRIMEDIA Intertec Books 
www. internettelephony.com 


www.usedradio.net 
(Equipment list, prices & order 
capability all on the Web) 
Motorola-Maxon-Kenwood 
Portables * Base Stations * Mobiles 
SP10/P110/GP300/M120/GM300 
$P2550/SL500/CPO510 
ETC. 


Close-out Pricing! 


American Radio Exchange 
Ofc: 888.260.7368 
Fax: 310.312.5437 


equipment for sale 


‘Call ibe For Your FREE 
Catalog! a 


Wwww.antenex.com 


Antenex is an established leader in the design and manufacture of innovative antenna 
products. Our latest Antenex Catalog is the perfect reference and buying guide for dealers. 
It features new products, as well as color photos, graphs, patterns, detailed descriptions 
and specifications of our full line of antenna products. 


United States: International: 
Phone: (800) 323-3757 Phone: (630) 351-9007 
Fax: (800) 851-9009 Fax: (630)351-9009 


Antenex Inc., 2000-205 Bloomingdale Road © Glendale Heights, |Ilinois 60139 


Circle (104) on Fast Fact Card 


BUY & SELL: 
TTR-BO0O0MHz & SOOMHZ EF Johnson « Kenwood « Uniden 
MOTOROLA 


: UHF * VHF * 800MHz * 900MHz 
* Mobiles * Portables * Repeaters * Amplifiers * Paging Transmitters 


800-786-2199 


1- 
ERLING 203 N. Chestnut Street * McKinney, TX 75069 


Fax: 972-562-7957 
Mike Malone 
www.usedtwoway.com 


SSOCIATES, INC. 
Nibonwide Purchasing and Sales of Used 
Two-Way R2oro Equipment 


November 1998 MOBILE RADIO TECHNOLOGY 


“Vehicular repeaters extend hand-held communications by connecting fo existing high-power mobile 


radios | and repeating couversations itFboth 


reliable cormunications with the base up 50-0r'60 miles: away.” 


The SVR-200 yelifoular repeater 18 18 Ag 
in applications. 


EQUIPMENT FOR SALE 


ALL ITEMS NEW IN ORIGINAL BOXES!! 
100 Uniden UNI-APX901 Earphone for APX325 ........$5 €a 
100 Uniden UNI-ARX169 Terminators $1 ea 
2 Uniden UNI-SVS 8035 Mobiles (new) $275 ea 
1 Motoroa R2670 FDMA Sery. monsor vatrunking opt . $17,000 
675 Maxon TPA-1125 Rapid desktop charger $20 ea 
1448 Maxon TPA-1120 Std. Rate Pedestal Charger .$5 ea 
1 Maxon TPA-1160 Battery-Maxon TP4800 Portable $5 
1750 Maxon TPA1120x Charger w/TP4800 Portables ... $5 ca 
1000 EF Johnson EJF&605Lit Literature make offer 
x] EF Johnson £F50235800017 RPI to computer cable . $10 ea 
1 —_EF Johnson EFJ0239996192 Programming software $50 
100 Standard CNBS84A Battery Hi-Cap for HX581 .... $40 ca 
97 Standard CSASSIA Desktop rapid charger for HXS81 .. $30 ea 
50 Ant-Specl ASP-KAV383 Re-install kits on glass .....$10 ¢a 
20 Motorola MSF-5000 800 conv 15 800T 75w 

10 Motorola MSF-5000 900T 

4 Motorola Trunked controllers 

SOOMHz Purcs-VHF Purcs-UHF Purc 

B00 MHz Antennas (base station) 
WE BUY USED RADIO EQUIPMENT 

WE PAY THE HIGHEST PRICES 


SCOTT COMMUNICATIONS 
KEN SCOTT 406-745-3218 
email: scott@montana.com 


STATION IDENTIFIERS 


OG) Morse code and Voice ID 
4) 3 monitors and 3 timers 


QO Several models available 


QC) Special prices for a limited time 


(ol RACOM  °°°-722-8664 


216-351-1 


Used 2 Way Radio 


MOTOROLA @ GE # EF JOHNSON etc. 
POATABLES / PAGERS / MOBILES | BASES / REPEATERS 


Contact us when you are looking for econo- 
mica] used equipment. We are a reliable 
source for all major brands of used 2 way gear 


== (708) 681-0300 
vit Buy @ Sell @ Trade 


Visit our web site: WWW.MDMAADIO.COM 
or E-Mail ua at mdmradio@earthlink.net 


MDM Radio Ltd. 


1629 N. 31st Ave. Melrose Park, Il, 60160 
Tel. (708) 681-0300 Fax (708) 681-9800 


Y Take note; 
MURT Classifieds wark/ 
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ctions. Hand- helds A: -2 miles from a vehicle maintain 


fost -eietive solution tha rove full coverage. for handhelds” 


Minitor II Pager 
Repair Just $29.50 
Price includes all 
Parts and Labor 

5 Day turn time 
90 Day Warranty 


Water/Physical damage and 
housing parts not included 


fy) Paging and Wireless| 8(){)-8)2-? 180) 


Y Service Center} Fax:561-683-0059 
1300 N FL Mango Rd #26 


Deal 
West Palm Beach, FL 33409 ealer price 


Motorola, Uniden, E.F. Johnson, Kenwood 
Two-Way Radios and Systems 


DELTA 
COMMUNICATIONS 


1-800-880-2250 
FAX: 972-278-5085 
Garland, TX 


classified 


equipment for sale 


DEALEAG WANTED 


Now you can be a dealer in a new line of 


MOTOROLA 2-WAY RADIOS 


WETEC ELECTRONICS 
AUTHORIZED MOTOROLA TS-10 DISTRIBUTOR 


Call Now 1-888-GO-WETEC, ext. 10 


Visit our website at: www.wetec.com 


NEW & USED EQUIPMENT 


mororoia Reacliuy 
Lowest Prices! 
GP 300 VHF/UHF 
GP 88 VHF/UHF 
GP 68 VHF/UHF 


Most popular models in stock! 
Complete Radius Line! 


KENWOOD 


New and Used 


Special State & Local Gov. Discounts 
1-800-264-9516 
FAX 303-415-1557 
COMMUNICATIONS WEST, LTD. 


E-Mail: commwest@aol.com 
DOMESTIC & EXPORT SALES 


LOWEST PRICES! 


* PAGERS «+ EXPORT ITEMS « ACCESSORIES °* 
* SVNN3SLNV *© SIWSLSAS ASNNYNL «© SLUVd. 


EQUIPMENT FOR SALE 
Db product VHF duplexer DB4062woc-b .... $375 
MOT Syntor X 9000 VHF T73KEJ7JO4AK 
w/HCN1033D head & accessories ........$500 ea. 
Syntor X 9000 T43KXJ7JOBK 
w/HCN1033¢ head & accessories ........ 
Syntor X 9000 T71KEJ7JOAK w/cable 
speaker mic, no head 
Spectra T83GXA7HASAK w/HCN1073a 
head & accessories . 
Spectra T43KXA7A5BK ‘W/HLN6326b 
head & accessories 
Maratrac T73XTA7DA2BK w/HCN1052b 
head & accessories . . 
Maratrac T81XTA7DA2BK wiHCN4034a 
head & accessories $400 ea 


Lots of VHF Syntor/Syntor xT43's, call 909-873-1319 


$400 ea 


Circle (106) on Fast Fact Card 


14 ez PURC S000 Bases SDUMHz, Ozgs4a 
12 €2 PURC S000 Bases, SUDMMZ CASILBT 101A 
Y & && MICOR PURC Bases, 990 MHz. 75/731 101A 
AND SELL 11 ca MIXR000. SOOMH: MOIUCHSDE7AN 
SED 7 2 MTXBQ06. BOOM HOTICHEOEIAN 
Saree 20 eo MTxSi0, SCORMIZ H2SJOFS131AN 


MOTOROLA, Eger eee 


STR |i Retr. 440MMz. SCOSYEUERS 
GE AND | 24 MICOR Comm. Rotr,, 450MH, C64ACBS105AY 
ERICSSON (peter nny 
FM 71 <= S¥YMTOR X 5000. 460Mbz, T4467 JAK 
i 2 2a MOR, 4EOMHe, T74RINIBOS 
TWO-WAY TREK, 4g0MHz, T44NJA8000 
RADIOS (OHNSON 260MHz, TITIADMBA 
AADIUS F110, 460MM PLAOLCZOEQAA 


SCHAEFER & 


RADIO 
CO. 
130 West 
Fayette St 


2. OSILRASDAS 
37Mrz. CHIRTE1405 
2 23 MIDOR 31MHz TTIRTNGIODL 
52 4 Tone and DC Remote Desk Sets Mud Mode's 
23 ¢a Local Conot Desk Sets, 71903 
28 22 Motorpe SYSTEMS 90 Swrers 
984- 6115 40 2a Desktop Centracom | Tone Remote Modules 
FAX 3 ea, MART Phone Palcnes L11594 
(319) ANTED: RADIUS, Bases, Mobiles, 


Portables & Repeaters * ALL RANGES 
984-6220 & UHF Syntors 


All Mobiles, Bases, Repeaters, 
Duplexers & Parts REDUCED 
for IMMEDIATE CLEARANCE. 


C.W. WOLFE COMMUNICATIONS 
1113 Central, Billings, MT 59102 
406-252-9220 « Fax: 406-252-9617 
E-mail: CWWOLFECOM @ AOL.COM 


RS-232 OUTPUT FOR 
BIRD WATTMETERS 


Model 43 


Read RF F peer via computer. 
Sy Completely 
assembled & 

tested board 

mounts 

internally on 

mete t 

terminals. 

Displays 

analog and digital power readings on 
your computer screen. Reduces 
readability errors. Software included 
for data logging and for benchwork. 
Up to 16 units can be addressed on a 
single RS-232 port. No effect on 
normal operation of wattmeter. 5 
minute installation with no soldering. 
Backpanel included — Birdwatcher 


Just $149.95 + shipping/handling 
Not affiliated with Bird Electronic 


SGUENTECH 


Tele: 847-891-2584 
Fax: 847-891-2587 
www.glentech-rf.com 


Circle (107) on Fast Fact Card 


@ 118.000-135.975 MHz © 10 
Watt Output © Performance 
Monitors ® Options — 1-6 
Channels, Remote Operation, 
Rack Mounting ® Other Civil 
Aeronautical Radios ® Mobile e 
Radio Light Control ® Nav Signal 
Monitor/Alert @ 


AIRPORT 
MOBILE 
COMMUNICATIONS 


One Channel Standard Ns Tar 


Up To 6 Channels Optional RADIO COMPANY 


MB BASE 
TRANSCEIVER 


MENTOR 


RADIO COMPANY 
* 1561 LOST NATION ROAD + WILLOUGHBY, OHIO 44094 U.S.A. » Phone (440) 942-2025 * Fax (440) 942-9129 « 
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classified 


equipment for sale 


* PAGERS * PAGERS * PAGERS « PAGERS» PAGERS ¢ PAGERS ° 


ly 
“Communications (aria 


AVAILABLE 

¢ Refurbished Pagers 
¢ Pager Repair 
* Factory-trained techs = 
* New Motorola Pagers 9:555- 1212 
* Parts & accessories 

We Buy Pagers | 
“ONE CALL GETS IT ALL” express Xtra 


* Synthesized 
400 North Fifth Street 
Blytheville, Arkansas 72315 
Phone: (870) 763-6250 * Fax: (870) 763-6533 (MA) mororota 


E-Mail: mcmanus @arkansas.net Authorized Paging Distributor 
Web Site: www.mcmanuscomm.com 
GE Execute li 756 UHF mobile, wince. 


* PAGERS « PAGERS * PAGERS » PAGERS*« PAGERS « PAGERS « 
GE PHOENIX SX VHF modiles wiacc 


GE PHOENIX SX UHF 16ch mobito, wince Circle (109) on Fast Fact Card 
GE MASTR I! 100 mobiles, 42-50me, wiace $7500 
GE MASTA Il 100" continuous duty amplifior, 42-50me $405 
GE Mast: it L00w continuous duty amplivor, 30-42m $395 
GE Custorn MVP mobiles, VHF or UHF, wince $135 oo 
GE PLS UHF 16treq, portablos, bind nuwin boxos wichangers . $225 00 
GE PCS VHF poriablas, 2 freq. os. $185 00 
GE low band portublos, 42-50me, CG. dubita: & pres room S7Ho0, 
GE 400me ponanlas, Comb PCABOADO . S2000n 
GE Mastr | 30 amp power supptios .........., » $330 on, 
GE Custom MVP 42-50mc mobile, wice ’ $15500, 
GE Custom MVP VHF mobiles wo ace S05 on. 
Now GE Custom MVP mobile 36-42me wio nce, $85 
GE Executive II VHF buse siation $185 
GE Executive Hl 100w, 8 freq. mobile, 42-50me_ wiace $185 
GE S550 Scan houds S200 ea. 
GE 800me mebite wiace., Comb TM@XB875 $15 
GE heavy duty steel outdoor cabinets, mnt, never outdoors _ $225.00 
GE Monto: recetve:, VHF $165 
Textronix Osolloscope Mace! 475 we dligilal multenoter. vorycioan . $250 
TPLAY power noble amples: 35-S0mc_ nput Miw.cups i100 $85 on 
IDA remote control, tone $45 0a 
Kenwood TKB-420 ow bandinase sialon, bandinewstcm 297-3?rne | $875 


LOW, LOW PRICES 
MOT Maxie 80 mobiies, Ow, 30-36enc, PL S195 00 
MOT Maxar 89 VHF mobile 100 Mod#D73TSA3O0DAK S165 00, 
MOT Now Maxar 80 UHF mobse, 30w, PL wince $245 
MO? MaraTrac low band mobiles 100w 42-50me wince, PL Sa750n 
MOT MaraTraz UHF mooiles, 110w, wiace . PL $395 00 
MOT Milrex tow band mobiles 100w 40-50me wiace , PL $19500. 
MOT Mitrex S0w UHF mobwies wisce . PL S1Mea 
MOT Mitrex 100w bases. 30-40rne, local remote cont mod SASS ea 
MOT Mitres 100w bases, 40-S0mc, locabremnote cont mat = $895 oa 
MOT Mitrex 1!0w VHF base. PL. tocalemote contro! mod 2% 
MOT Mares UNF 50w base, local/remote control modet $20 
MOT Mitrex VHF €0w Dase. local/remote Control modet $580 
MOT Marea modies VHF 110w, wiace. PL $195 0a 
MOT Mares low band modes. 30-40m<_ 60w wince PL $1500a 
MOT Marek UHF SOm motées, crawer uruts S/be0 
MOT Marek 69w. 30-40mc. drawer umis $7500 
MOT Micor monies VHF 110w. wiace $1000 
MOT Micor 30° cabinets, clean S195 ea 
MOT Micar 10Ow mobdes, 42-50me, wiace $1508 
MOT Micor mobiles, UHF 100w wiace S1Woa 
MOT Moor low Send neue, 100W cont duty, rint, 42-500 PL $1450 00. 
MOT Micor 100w base, 30-3éme, 2 recervers, PL $1095 
MOF Pak Rat ropealers VF $195.00, 
MOT Pak Flat repeaters wiponables A veh chargers, VHF $995 0a, 
MOT MTS500 portables low band 42-50me $85 00 
MOT Pack Set low band, 42-50me $145 00 
MOT MTS00 partables VHF 510000. 
MOT T1600 remotes $100 0a 
MOT Satellite recewers $395 00 
MOT Mocom 70 VHF 100w motile, 4 freqacan 
MOT Mocom 70 UHF base, PL, dosk miko 
GE Rangr mobiles, 35-SOmc, 60w, wince 
GE Range mobiles, 100w, 35-SOmec, wince 


OQAMOPUVs HIMOPVs HIMOYPV 
GQGIMOPVs: HBMOPFPVsHAMOYPV 


(540) 891-0569 We accept VISA and MasterCard — Fax: (540) 891-0538 


Massaponax Business Park 


Ma f= ME CHEM reuiericichore Wa aatO 


lew ELECTRONICS iis sis" 


Fredericksburg, VA 22404 


> Two-Way Radio Communications 


> New and Reconditioned Radios rae en ir ttems Repeaters 
> Custom-Designed Radio Systems MSR 2000 UHF Repeaters 
> Repair and Programming Master Il VHF & UHF Bases & Repeaters 
> Consulting R1032 DES Test Sets 

. R1033 Test Sets 
UHF 250W Repeaters (Clear and Secure) R1034 Line Test Sets 


2-2 eee Bann e- Nene ee een se OMe a He ee wWOA- -BHer~sere-ve Bur hFBBR---wvnBsSHR-- © 


pandora es set so byl emerarmc malin a ba UHF DES Repeaters 420-450 & 450-470 RTX 4005 Portable Test Sets 
herbi lesan diac eat hontlarieareeabeta dade Dual Syntor-X Secure VHF/UHF Dual Code RTK 4007 Auto Test Interface 

TK3S0 UHF 4w, ch pons wibatty & + chigis $305.00 : , 2 
ciara ieuhsnciccacinieal 9 oe URL Address: http://www.mechemelectronics.com E-Mail: mechem@fls.infi.net 
Kenwood TK801S 35w UHF mobile, wiace $195 Circle (110) on Fast Fact Card 


Pre-Paid Orders Only « No Credit Cards, NoC.O.D.s 


N.H. COMMUNICATIONS CO. 
P.O, Box 5342 » Manchester, NH 03108-5342 


Tel: 603-668-3004 
Circle (108) on Fast Fact Card 


MRT Classifieds work! 


Handheld Repeater Controller 


Convert any handheld or 
mobiie radio into a simplex or 
duplex repeater system. 

ideal for setting up short-term 
emergency service repeaters 
at remote locations or disas- www. .com 
ter sles. SPECTRUM Phone: 800-566-2788 4 


USED EQUIP 


for sale 
www.mosscom.com 


Klei in K111—“Most Popular”| K113—"All New!” ects Duty” K9725—"Easy Jet Use” 


ae ESoene 


(800) 959-2899, © ‘aaj 
Fox: (760) 631-1163 


E-mail: info@kleinelectronics.com he aoe ey EA 
Web: www.kleinelectronics.com 2 Piece Surveillance Earloop with Boom High Noise Earmuff with} | Remote Spade Mic 


I Mic Kit Microphone & Inline PIT | Noise Canceling Mic | for Motorola™ Radius® 
Call Now Single or Dual Muff Radios 


Circle (111) on Fast Fact Card 
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Better RUN to 
get your ad in 
the next available 
issue of MRT! 


Call Dawn Rhoden at 
1-800-347-9375 


TEST EQUIPMENT - BUY & SELL! 


HP8S0?74 Maasurement Recerver $12,000, HPB901B Mooulanon Anatyzer— 
S270: 2938 Audio Analyzers-$ 1659 

IFA COM TAIZ (NEW) $10,900 

FR 12005 $5000 

IFA SOA $3900 

HPSS20A'IIZVAS 1914 Seong 

HPS9?10 (w TDI B3201A) 
HP89210 (w COMA 8320741 
HPB920D fa TOMA) 
Motorola Ret si mS 
Motorola 

Marcon 

Marconi 2955B 


‘Synth, 1000 Mhz Sig. Generntors. 


Racal $087.1 300¢h2 Sint Gonorntors, kaw Plage Pale, byyn stabildy, Sr FAY 


PulsePhuse Madulalion. NEW veils work warra ity! $1900 HPRMISIA- $2801 


Amtronix 
Ph: 716-763-9104, 716-661-9954 Fax: 716-763-0371 
http://www. anitronix.com 


DOES YOUR 
PRODUCT NEED A 


LABEL ? em syn 
GRAPHICS 


MARKETING INC. 


» CELLULAR LABELS 
+ BAR CODES 
« BATTERY LABELS wey 
7-147-0489 —avonorceipwes, ‘H25 LEAKY 
FAL 972-242-0959 COM CARROLLTON TX 
800-875-STAY < 7859> 75007 


» TAMPERPROOF 


CRYSTALS 


7 DAY DELIVERY 
COMMERCIAL/CUSTOM SPECS 


$48 SOD Mnroart # $2000 


classified 


equipment for sale 


mpatible Meterele 
regranimin Equipment 


program IRL ans Gr vibrate 
your Radios 


Radio P 


PA-I Programming Adaptor...$139.95 

= Compatible with “RIB" unit, { wore: Hardwarw Only. \ 
* Rugged steel case. Software salt by Moforia® 

* Power LED. [ze 0 olor fucts are 


Tradamarks of Motorola”, tne} 
PA-II Programming Adaptor...5159.95 
* Contains rechargeable NI-CAD Batleries: 
Perfect for field. use and Portable, 
Laptop & Natabook Computers. 


* Status LEDs: Power On and Charge. 

* Power Switch. 

* Power / Charger Included. 

* Runs far 8 continuous hours. PA 
from a full charge. iy 


E+" eRe “ 
2 
IMPORTANT ann _ 
Reference code number “ —— le 
when Ordering Catalog. 
Code Number: MR67 


Orders before lpm EST are Shipped that Day! in ue wg : 
Prices, availihigty and specifications ore subject ty change widiout notice. Shipping ard 


Handing a 
470 Armour Drive NE - Atlanta GA 30324-3943 « Tech Info: 404. 872, 0722 « * FAX: 404.872.1038 


NEW! GP-. aa Cable $149.95 
RADIUS® SP50......$99.95 
Package Deal Discounts..15% 
GP300/P110, HT50/P100, STX, 
Gemini, VISAR, JEDI, HT/MT. 
SABER, SPECTRA", RADIUS" 


PA-III Pocket Program 
ee * Micro-Size Design for Convenient 
N= Portability and Field Use. 
ae * Uses Surface Mount Technology 47% 
* Rechargeable — Works hours 
on one charge. 


aris-Industries 


Pola a siries 


Circle (112) on Fast Fact Card 


MOTOROLA RADIOS 
RADIUS — RADIUS — RADIUS 


Tons a stock at USA's lowest prices 
SP50—P110—GP300—SM50—SM120—M120 
will absolutely be SHIPPED TODAY! 


Full line of previously owned trunked & conventional radios 
HT600/ VISAR/HT1000/MT2000/MARATRACS/ 
TRUNKED 800 & 900 SPECTRAS/MAXTRACS/ 

PP1O000X / MTX /MTX8000/ VISAR/STX/EXPO 
RADIO EXPRESS INC. 
OFC: 800-545-7748 FAX: 703-830-8710 
e-mail: radios4sale@juno.com 
All major credit cards accepted 


GM300 


Circle (113) on Fast Fact Card 


CMC ENTERPRISES 
2-WAY, MICROWAVE & TELECOM EQPT. 
BUY & SELL 


QUALITY USED EQUIPMENT 
Motorola « Uniden * Kenwood 
Johnson * VHF « UHF » 800MHz 
900MHz ¢ Mobile * Portables 
Repeaters 


$1000 20 


T 5 Te 
3 Cushman ced Sioa selective volt meter 
$225 2a 0 


a Starplex Channel Movers Ladd 
Cards 1. MLN 28: 


PLANO COMMUNICATIONS INC. 
1-888-906-9006 


2.1-2.3GH7 rat 
A2 URF 110w 


SABERS — SYNTOR X 


« MOT SABER ||, H44SAJ7139GN, UHF, 

5 WARIS :2.2 PREQS csscccevacasmsiranacnerers $340 ea. 
* MOT MX3008S, UHF, 5 WATTS, 24 FREQ., 

WITH BATT, PROM, ANT, MULTI PL 


5 

Si 

Col 

& 
h 


Motorola Witrek 30-39 6Ow ot wiPL 
Motorola Micor base 110w 9 y 

GE TMX 8615 G-mark .... . ‘ 

GE Celta SX tOGw URF wace ee 
Motoroia Micor Base station High Band O0w 


\ MOBILES, MAXTRAC®, and More! _} 


TWO-WAY, PAGER, SCANNER 
CHANNEL ELEMENTS REDONE 


Toll Free: 888-678-9825 
Fax: 915-633-6209 


CUEMEKS ELECTRONICS 


9836 Monaco Dr., El Paso, TX 79925 


Movorola Maxtrac 300 B-1 7 
fm Multt-subl 


DTL 7409 channel mode 4M signa 
7-1 9ghz (non-standby $600) wistan 
0 A 3 Tellabs lelcom signaling modules ..... 
TE Lingurt 464 channel modems 
R channel modems 
ai Shelves (add-on $125) slarl-up 
| e 5500 20 channel logai ny recorder 
a i 
40 GE ast lI 
ONew ListingO Call Charles at 336-769-2885 


For more equipment, visit cur website at www.cmcent.com 


November 1998 


« MOT SYNTOR X/X, UHF, 35 WATTS, 16 FREQ. WITH 
T/A, MDC/ANI, PL, EE PROM, COMPLETE .... $80 ea. 
{CALL FOR PRICE ON ENTIRE LOT.) 


— Programming for all Motorola EE Proms — 


Personalized Service. 
Best Prices Guaranteed! 
: Call ball 755-1514 adius 
Railcom Box 38881 Radi 
Germantown, TN 38183 
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Ication, 
products. 


=| 
S 
id 
= 


37-4811 


G 


We now have Flex 
capabilities in all of our 

SOURCE, 

oe 


the wireless appl 
3 


solid ground. You have 
we have the solutions. 


Technically 


PageTap, Inc. 
O03 


tele. 


CONTROL 


o2 Labels for pagers, cellular phones and two-way radios 
v. aye ‘with your company’s logo. Warranty labels for batteries. 
oe Bar-code printing systems. 

Call us for free samples. 


—,. ADVANCE LABEL & TAG 
A 1 1725 N. McDonald St. 
& ae McKinney, TX 75069-8230 
1-800-466-5345 FAX: 972-548-2518 972-542-5345 
www.altag.com 


World Class Service for Worldwide Customers! 


BUYING ERICSSON-GE EQUIPMENT 
CALL OR FAX FOR QUOTE 
TQ2310 Panasonic computer only .. — 
PD 638-6 VHF Duplexors - 
VHF MASTR II spacial recalver only 

package from mobile pepeateh 
$825 Systoms Control head ........ 
$990 128ch head wiwarranty ...... 
MVS MPH20 VHF 16ch scan w/acc ., 
PHOENIX-SX 16ch non-scan wiacc .......... 
PHOENIX-SX UHF BRAND NEW w/acc 
MLSL160 30-42 w/acc., NEW ............... 


Small cost. 
BIG results! 


MRT 
Classifieds. Circle (114) on Fast Fact Card 


MLSL261 42-50 Bch wace. oo... 
MTL UHF 4w Portable wicharger .. 
MPI UHF 4w tech, special .............. All CCI | 
MPI B-unit multicharger, checked .., Y ld MOTOROLA & MISC. 
RANGR 450-470 less acc. 100w | 4 Minitor 2 UHF 2ch 471.0375 wicharger $125] 
RANGR 35-50 less acc. GOW ....... 40 M7500 UHF 4ch 2-RPT 2-Simplex $40 
RANGR Delta acc. w/S600 head ..... 4 HT50 UHF 2ch 450-470MH2z $150 
Delta-SX UHF 100w less acc. 16 HT600 VHF Gch H/Pwr reconditioned 146-162MH. | $275 
Delta-S UHF 100w less acc | 4/4 HT600/P200 UHF Bch H/Pwr 434-470MH2 $275 
Delta-S UHF 40w less acc. | 6 GP300 UHF ach H/Pwr 438-470MHZ & slow charger $335 
Delta-SX VHF 110w less acc. | WHITE, ORANGE, GREEN AND RED 36 $350 
Delta-S VHF 110w less ace . | BUTTONS AVAILABLE $375 
Delta-S 42-50 less ace. 110W oo... ¢ el a Sadao Stet 
Delta-S 42-50 less acc. 60w Saag 40 saber 2 UF 36ch scan $40-478 Secure $550 
MLS-1 Control panel 8ch sean oo... $1 1 50 ea {28 Saber 2 UHF 48 DWP 440-470 es $600 
MLS-I Control panel 16ch no sean . . Saber J UHF 120ch 5 Feb Respigh hd $800 
System Saber-R 16ch con 6 660-470 $750 
MASTA |1 42-50 1 10w less ace. 4 8T1000 UHF 16ch 403-470 $475 
MASTRII 150-174 110w no acc. | CCIl PROG RAMING AVAILABLE *MOTE*: All racios listed above come wibattery & antennal 
MPS/MPR/MPX/MPUMPE Chargers . 4 Apcor UHF 10ch 25w, comes w/batt & charger $200 
NEW LONDON TECHNOLOGY ORDERS SHIPPED IN 14 DAYS } 12 Syntor X/X 29-34MHz 100w complete $400 
752 Alum Springs Road * Forest, VA 24551 8 Syntor X/X 150-174MH2 100w complete $175 
Tel: 804-525-0068 © Fax: 804-525-0078 6 Synior X/X 9000 29-SOMHz 100w complete $1100 
www.newlondontech.com 13 Syntor XX SOODE BOOMH2 Type 1.2 Smarinal $750 
NOR THEAS TERN 16 Maxtrae 32ch 16P 498-470 40w mobile * $350 
4 4 2 Maxtrac 2ch 5P 42-50MEG 60w mobile... 0... $950 
Communications, inc. 4 Maratrac VHF Transceivers only TI3XTATDAZEK .... $250 
2 Spectra VHF 40w Dimount A? 146-174 complule.... $1050 
4 Spectra UHF A5 40w 450-482 complete $1100 
PROGRAMMING CABLES Waterbury, CT (203) 575-9008 7 Spectra UHF O/mount A7 40w Secure 498-470 $1050 
FOR MOTOROLA PRODUCTS csi 12} Spuclra 110w UHFIVAF AQ completa o.oo... $1750 
9 SIX Full keypad display BOOMHz Type 1 ‘ $600 
HT1000, MT2000—$70 2 MSR2000 UHF Repeater widuplexer occ  S2HOO 


90 GE MPR Synthesized 12ch UHF 450-470 3 $a5 
30 GE MPR 10ch UHF 450-470 . compet $15 
25 GE MTL VHF t6ch synthesized w/scan $1s0 
40° GE MPA UHF 128ch display synthesized y/scan $200 

1 GE Suilcase Programmer Ranger, Delta & Phoenix .$1300 
12 ICOM VHF wikeypad programmable 140-160 .. $225 
}13 Midland VHF 22ch mobile 40w 150-174 $175 
2 IFA 1500S complete, excellent condition $4500 


407-253-0889 “1 month warranty” 


M-Thurs 9am-Spm EST ~ Ask for John 
_ http://www.surfusa.com/PanikElectronics HTML_/ 


GP300, P110—$50 * VISAR—$110 


HT600-$48 * MOBILES—$25 © SABER—$55 USED RADIOS 


at Low Prices! 
*MICOR *GE 
» MITREK *RCA 


HT50—$50 + STX—$35 « SPECTRA—$35 
PROGRAMMING INTERFACE—$95 


«PORTABLES » ACCESSORIES 
* MOCOM 70 * TONE ELEMENTS 
* MAXAR » CHRYSTAL ELEM. 
*APTRS * BASE STATIONS 


Large Quantities * (940) 433-5452 


ROADRUNNER COMMUNICATIONS 
PO Box 654 » South River, NJ 08882 
Phone: 732-254-3232 
Fax: 732-257-4622 
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meee classificd es 


equipment for sale 


SPECIAL PRICES and in STOCK! 
VHF 136-174 MHz 
UHF 430-470 MHz 
20ch or 16ch 
DTMF Keypad (CP-50/GP-68) 
Features: 
PL/DPL built-in 
9 DTMF memories 
Auto or Programmable 
Repeater Offset 
2 or SW Power level 
All (CP-50/GP-68) radios include: 
3 hour rapid charger 
1200mAh battery 


E-mail: info@nsiradio.com 


NS!I Communications 
(A Tel: (253) 946-2426 
AG) Fax: (253) 946-8311 


some items export only 


COMPLETE CHANNEL ELEMENTS 
YOUR FREQUENCY 
LIFETIME GUARANTEE 
$25.00 - $35.00 


Crystals 
We Buy Used Elements 


NKX 


1814 Hancock St. 

Gretna, LA 70053 
504-361-5525 (in LA) » 800-237-6519 

FAX 504-361-5526 


SERVICE MONITORS 
FOR SALE 
MOTOROLAR-2080HS .$5.900 IFR 1200-S .. $6,200 
MOTOROLAR-200@0/HS $5,900 IFA 1500 . $5,900 
MOTOROLA R-2410-A ...... $4,800 HP-8920-B $12,900 
MOTOROLA A-2001/C-HS . $4,200 HP-8920-A.........,. $8,900 
MOTORCLAR-2600C/HS $8,500 IFR-1600 .. $10,900 
FOR SALE 5 R-2038/D/HS SERVICE MONITORS 
FREQ. RANGE-1 MHZ TO 1 GH2, SPECTRUM ANALYZER/ 
SWEEP. DUPLEX GENERATOR, MULTIMODE CODE 
SYNTHESIZER, CELLULAR/TDR TEST 
ASKING PRICE $5,900 EACH 
USED TEST EQUIPMENT WANTED 
RF IMAGING & COMMUNICATIONS 
925-229-2034 FAX: 925-229-2035 
http://www. best.com/~rfimage 
e-mail: rfimage @best.com 


Advertise in MRT! 


R&A ELECTRONICS 
Motorola Parts & Accessories Dealer 
Phone/Fax: (614) 870-1957 
2 M71000 16ch UHF, scan 
1 HT600 2h UHF 
| 
1 


SABER IE 24ch UHF ........ . 
M1000, MTX, HT600, 6 pocket charger .. . $300 


CALL FOR PRICE QUOTE ON ANY MOTOROLA PART NUMBER! 


CHANNEL ELEMENTS 
YOUR FREQ. - $20.00 


with trade-in/3 working days 


CRYSTALS 


MAXON, TEKK, UNIDEN/7working days 


Channel Element HQ/Kirby Ent. 
4120 Kirby Rd, Cincinnati, OH 45223 


1-800-237-9654 


FAX: 513/542-8870 


CALL US FIRST 
at AIR COMM 
WHY PAY MORE! 
Used/Reconditioned Motorola, E/GE, EFJ, Kenwood, 
Uniden 2-way radios and accessories 
—ALL FREQUENCY BANDS— 
PLUS 
“PL” and paging reeds/filters, TCXOS 
Call us last to sell any of the above. 
WE PAY CASH 


4614 E. McDowell Rd.Ph.: 602-275-4505 
Phoenix, AZ 85008 Fax: 602-275-4555 


8 GEPhoenix SX UHF 16 C scan 
2 GE Mastr II base VHF 100w. near mint ... 
15 Maxon 420A UHF 30w, new in box 
5 GE 10w VHF MVP, new in box 
10 GE MLS 2F 26 47MHz 
1 Zetron DAPT 1000B, 1-DAPT 1000 both for $750 
1 AT&T Demension phone 6 line . .. BO 
1 Motorola sev monitor old heavy, 

scope to BOOMHz works .. searscrxn OU. 

CALL DAVE at 800- 500- 8055 
POBox 462 Faribault, MN 55021 


$125 ea. 
$2440 ea. 


PAGING SERVICE PROVIDERS 


Add system capacity to your network easily and inexpensively with 
the new Kantronics Paging Controller 2000, priced under $1,300. 


This rack mountable, multi-mode controller can be configured as a: 


e TNPP receive-only paging controller; 

¢ Satellite-based simulcasting controller; 
e First-in-line POCSAG repeater; or 

¢ Down-stream POCSAG repeater. 


The Paging Controller 2000 supports 512, 1200, and 2400 numeric and 
alphanumeric POCSAG, multiple transmitters, and channel! sharing. 


Kantronics Co., Inc. 


Phone: 785-842-7745 @ Fax: 785-842-2031 
Website: http://www.kantronics.com 
E-Mail: sales@kantronics.com 


FOR SALE 
HP-8920-A/B Radio Service 
Monitors with Options 
8920-A Options 2/3/4/5/7 ... .. $8500 
8920-A Options 2/3/4/5/7 $8500 
8922-H GSM Tester Opt-9/11... “$20,000 
8920-B Options 1/102/7/3/4/11 . rue 900 
8921-A Cell Tester .. .$12,000 
8920-A Options 2/3/4/5/1 1/13/20... $8900 
8920-A Options 1/2/3/4/5/13/14/50 .. $8900 
120-Day Warranty & a 5-day Right of Refusal. 
All units are calibrated & have manuals. 


RF IMAGING & COMMUNICATIONS 


510 Westaire Blvd. * Martinez, CA 94553 
925-229-2034 FAX: 925-229-2035 
e-mail: rfimage@best.com 


PROTECT ELECTRONIC 
MEMORY... 


during engine start with 

STARTGUARD 

or get 

continuous 

protection 

with 

NAV-PAC. 
Either way, 
it's your best 
insurance 


NEW AAR’ Newport Beach, CA 
(800) 854-3906 « Farm: (714) 957-1621 
Website: www.newmarpower.com 


Circle (115) on Fast Fact Card 
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classified 


business 
opportunity 


TWO-WAY COMMUNICATIONS COMPANY 
LOCATED IN COASTAL NORTHEAST 
Successful Motorola full line dealer and 
MSS. 20-year plus company specializing 
in two-way equipment only. Includes all 
radio and parts inventories, vehicles, test 
equipment and supplies. Existing location 
can be leased or purchased. Turnkey op- 
eration which could include network of UHF 
and 800 repeaters. Direct serious inquir- 
ies only to: Personal/Confidential, Classi- 
fied Ad Coordinator. Mobile Radio Tech- 
nology, Dept. 954, 9800 Metcalf, Overland 

Park, KS 66212-2215. 


Business Opportunity 


location-OWNER retiring. 
719-336-7831 — Jim Gill 


rentals 


MOTOROLA 
RADIO RENTALS 


* HT1000, GP300, P200 

* Intrinsically Safe 

* Full Line of Radio Accessories 
* Mobiles & Repeaters 

¢ 24-Hour Service 

¢ Dealer Inquiries Invited 


1-800-283-COMM 
EVENT RENTAL COMM., INC. 
e-mail: eventcomm@aol.com 


* Top aaa * Low Co 
* Overnight Delivery fave 


[communicarions, 
800-8 22-MOSS 


Www mnosscom,.com 


Dawn Rhoden 
1-800-347-9375 
Classified Advertising Manager 


Motorola Full-Line Dealer and MSS. 
Tower sites and community repeaters. 
Southeast Colorado. 25 years in same 


paging 


PRECISION QUARTZ PAGER 


1,000s OF FREQUENCIES 
STOCKED & READY TO SHIP! 
Decades of Crystal Manulact: Full Quality Control & 6 
All Size Accounts Serviced - Large Quantity Spacialists + Contract Pricing Available 
LCDs . Sohamacas « BATTERIES 
Borders with Set Up Assistance Eveready” & Ourncell® 
—— . —_—> - O&M SERVICE PAGERS 
Be meee os 
MOTOROLA * NEC * UNIDEN * PANASONIC * EVERON * GIZMO @acronccs 
NIXXO * MAXON * INTEK * SAMSUNG * PAGEROLA * SHINWA 


CODE 
GREAKERS * 
ACradies 


DOMESTIC & INTERNATIONAL CELLULAR PREM 
PRODUCTS STOCKED & READY TO SHIP! oducts 


LCDs& , 
PARTS 


REFURBISH , QUALITY CLA , LEATHER CASES 
KITS PLUG-INS 1005 of styles 
CHARGERS | ANTENNAS 

NEMHMI-COLEION "  Single/TwinTravel Full Line 
uM * NEC * UNIDEN * PANASONIC * SAMSUNG * SHINWA + ATAT » AUDIOVOX 
NOKIA * OKI * SONY * NOVATEL * PHILIPS * QUALCOAT + FUATSU< GE « TOSHIBA 


Pasetorp 800-957-870 


int'l Calis: 943-721-1621 * Fax: 949- 724-4 1030 


, HELLO DIRECT 
HEADSETS 


MON - FRE 
po 


WWW.pagecorp.com * EMAIL: pel@pagacorp.com 
ASK FOR OUR CURRENT PARTS AND PRICING HANDBOOK! 
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ISO 9001 Quality 
Life time Warrantly 
( ne areal 
\ ig 
= = a 
£ 2 buttt-in 
oN ; RT fixture 
c Li é 4" x 5" x 3-1/2” 
Ergin Iso Box 


We've gol Ae 
the Pagers! 
Our very own g= 


ALW 
PRODUCTSH 


Make all the FREE 
long distance calls Hex 


you want..Mia 
the Interne, 
YOU BETTER 

BELIEVE Il 


The Paging Indusiry 
Bit 
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pagers 


Pagelo Hing 


Sui 


TECHNOLOGIES ¥ 


computer software 


; The worst mistakes are the ones you can't see. 


Global Trunking Management 
& Billing Solutions for... 


SmartNet ¢ SmartWorks ¢ SmartZone 
LTR ¢ MPT 1327 


For more information, 
call (903) 561-6673 or 


Genesi 


www.GenesisWorld.com “4«*e.77e¢ 
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DON'T 
DELAY! 


Get your 
adin 
the next 
available 
issue! 


priced numeric, alpha, and “i 


eelonrs beye ve 


eee classificd 


computer software 


To Your RF Coverage 
and Site Management 
Problems... 
On your own PC! 


For either microwave links or area coverage, our 
Terrain Analysis Package (TAP)™ software helps 
you find system design solutions in-house. 

See details and download demo from our web site! 
SorrWricut, Lue 
1010 So. Jouer St, Suite 204 
Aurora, CO 80012-3150 USA 
Tet. (303) 344-5486 » Fax: (303) 344-2811 
www.soflwright.com 
emait sales @soltwnght.com 


¢ Seamless rasterized topographic maps 
¢ International enhancements 
¢ Import of multiple terrain data formats 
¢ Biby-D advanced propagation model 

e Mapinfo file import 

¢ CDS matrix calculation method 
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** WIRELESS SOFTWARE ** 


Save time designing, optimizing 
and managing Wire ess Radio 
communication sites: 
- Intermodulation Interference Analysis 
- Transmitter Noise Analysis 
- Receiver Desense Analysis 
- Signal Level Analysis 
- Communications Site Design 
- Site Management Database 
- Equipment Maintenance and Inventory 
- Desktop Mapping and Data Products 


COMSITE 


CALL 800-845-0408 or 850-906-0748 
http://www.polaris.net/~douglas 


RFCAD provides high-resolution 
propagation results overlaid on seamless 
rasterized topographic maps. RFC AD has 
been designed to enable the most efficient 
and accurate planning, and analysis of RF 
sites, and systems. 


800-441-0034 
2] www.comm-data.com 
Communications Data Services, Inc. 
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Service - Sales - SMR Billing 
Pager Billing - Accounting 


wilN/S6 SMOpUIAA 10) peuBisep uo}Bojdde y1q-zE 


Radio Propagation Software for PC's / WINDOWS 
e LMR Predicted Area Coverage - Multi-Site Composite Coverage Maps 


NOW AVAILABLE ¢ No Radial Generation Required - Real Time Propagation Study / Profiles 
CRI-PRO ¢ DXF/ BMP File Formats - Interface with AutoCAD, MapInfo 
YEAR 2000 COMPLIANT e Multiple Propagation Models - Longley-Rice, Okumura, Field Strength 


e VHF - UHF/ Microwave Point-to-Point Path Profiles and Link Analysis 
e 30 Meter and 3 Second Terrain Data - Entire USA On Single CD-ROM 


Micropath® Corporation 
2023 Montane Drive East @ Golden, Colorado 80401-8099 
Tel: (303) 526-5454 @ Fax: (303) 333-4386 
e-mail: microinfo@micropath.com ® www.micropath.com 


DOS * NOVELL * LANTASTIC * UNIX 


We can provide complete solutions 
including software, hardware, and 
training, 


205-987-1523/205-987-1709 FAX 
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Shop from the comfort of 
your own keyboard at 
www.internettelephony.com 


ANT PRIMEDIA 


intertec 
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meee Cassificl 


repair services 


Triton 

Electronics, Inc. 
SERVICE MONITOR 
REPAIR & CALIBRATION 


Exclusive monitor repair since 1973 
NIST TRACEABLE 


Two Way/Paging Test Instruments 


Sales of New and Used 


Get Your Test Equipment Needs 
From Service Professionals 


We Take Trade-ins and Buy Used Monitors 


Cushman, IFR, Motorola, Marconi 
NS Electronics Service, Inc. 


_ Also, Voice Logging Recorders 


a ; Repair and Calibration 3610 Dekalb Technology Pkwy. 
4300 Lincoln Ave., Unit 0 feaiotad of Communication Suite 110/111 
Rolling Meadows, IL 60008 Service Monitors Atlanta, GA 30340 


Telephone: 770-451-3264 


(847) 934-6426 Fax: (847) 934-7195 
Fax: 770-458-8785 


* Visit our Website: http://www.tritonelec.com * 


www.nselectronics.com 


Regency, Relm, Maxon 
Professional Two-Way Radio Repair 
UHF, VHF, 800 mobiles & portables, PAs 


Loudoun Communications Inc. 
Communications Systems 


REPAIR DEPOT 


Qua.ity Service oN MicRopROCESSOR-BASED 
Mosices, PortaBLes AND Controt HEAps. 
SURFACE MOUNT REPAIR. Most repairs $70 PLus PARTS. 
FREE ESTIMATES. 


Warranty Service Available On: 
Ericsson/G.E. * Kenwood 


585 Factory Shoals Rd. 
Austell, Ga. 30168 


Spotlight 
your company 
with an ad in 

MRT Classifieds! 


~ $40.00 FLAT RATE 


PLUS PARTS & SHIPPING/HANDLING 
PLECTRON & INSTALERT MONITORS 


TWO-WAY REPAIRS ALL MAKES & MODELS 
MOTOROLA MINITOR I PAGERS 
$40.00/HR. PLUS PARTS & SHIPPING/HANDLING 


FAST TURNAROUND, FCC LICENSED TECHNICIAN 
VISA - MASTERCARD - COD 
CENTURION COMMUNICATIONS, INC. 
892 N. DELSEA DR. PH: (609) 794-8000 
| VINELAND, NJ 08360 FAX: (609) 794-8989 | 


bere WWCENTURIONCOSELCOM 


Reasonable rates, quick turn-around 
TA RADIO COMMUNICATIONS 
700 S. John Rhodes Blyd. #C 1, W, Melbourne, FL 32904 
Ph: 407-725-4824 — Fax: 407-984-9484 


tower 
services 


770-948-9566 


$49 


Flat Rate 
Plus Parts 


MOTOROLA , 
ERICSSON 


PORTABLE & MOBILE REPAIR 


* Quick Tum Around « Free Return Shipping 
+ Factory Trained & FCC Licensed Techs 


800°567°5636 


11420 NW 45th Place - Sunrise, FL 33323 


s° Fabrication 


Engineering 


* Installation 


Service 
$35.00 FLAT RATE 
Plus Parts & Shipping 
On the following models: 

H-250 


IT IS POSSIBLE!!! 


.. fo receive quick, quality, service at affordable rates. 
We repair: 
* Transmitter Amplifiers. 
* Tower top Amplifiers, (most makes & models) 
* Fillers, duplexers & combiners re-tuning. 


+ Special custom projecis & equigment modifications. 


ADVANCED COMMUNICATIONS 
& ELECTRONICS INC. 
2054J Airport Road (804) 237-8255 
Lynchburg, VA 24502-3757 Fax/Phone: (804) 237-4762 
E-Mail) advcomm @worldnet.att.nel 


REGENCY/WILSON 
“OTHER MODELS—S45/HR Plus Parts & Shipping 
,, , MULTICOM=—= «Fast TURNAROUND 


ay + FACTORY TRAINED 
fase” g09-880-7365 * VISA - MASTERCARD - COD 


Fishing for new 
customers? 


Try MRT 
Classifieds! 
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tower company. 


Phone 
1-800-968-5601 
or Fax 
1-800-882-3414 


ob hiy 


(4), SWAGER 
Nd = cienccimeaas Inc, 


3560 East Swager Drive 
Fremont, IN 46737 USA 
Phone |-800-968-5601 * 219-495-2515 
Fax |-800-882-3414 * 219-495-4205 
E-mail; sales@swager.com 
Internet: www.swager.com 
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Engineering For The Wireless World 


Wireless Communications Systems and Facilities 


m—, 


Define 
Design 


Advertise 
in MRT 
Classifieds! 


Acquire 


Build 
Test 


Manage 


Zone Operate 


RCC Consutltants,-inc> 


100 Woodbridge Center Drive, Suite 201 


Woodbridge, NJ 07095 


800-247-4796 


email - info(@irec:com 


Othices Nationwide & International 
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ARIZONA’S PREMIER 
TOWER FACILITIES 
Contact Rick or Charlie Bonifasi 
ANTENNA SITES, INC. 
800-346-7224 


METRO PHILLY & METRO NYC 


Nassau Tower Holdings 
: f '\_ Aas tower space available in NJ 
/, Sussex, Warren, Monmouth, 
: Ocean and Mercer Counties. 
‘Downtown Princeton NOW AVAILABLE! 
‘Call Tony Gervasi at 609-924-1515, ext, 213 


TOWER SPACE 
FOR LEASE 
in Blue Island, IL 
Lat. 4140075 Lon. 87-40-34 
708-385-5656 — Herman 


is constructing the system. 


FCC _ LICENSING SERVICES * 


§80, §87, $90 and §101 


~Years of Experience — 


Lettye G. Froboese 
109 Wallingsford Circle 
Youngsville, LA 70592 
Voice (318) 856-8141 * FAX (318) 856-1091 
E-Mail: froboese @ bellsouth.net 


We specialize in UHF trunking licensing! 
Let our experienced staff assist you in assuring your 
future in trunking. We have found channels where 
others have failed. Discretion assured. Other engi- 
neering services available. All you have to worry about 


Sites available 
GA and SC 


al We build to suit. 


Call Miles McSweeney 
912-233-9354 


CHECK THE FACTS THEN 
CALL THE BEST! 
Environmentally controlled 


RF engineered sites. Secure 


Premiere sites in Metro Chicago Area-choice of 
Federal State, Govt. & all Class A Systems. 


STAN STANN 
105 MURPHY LAKE ROAD 
PARK RIOGE, IL 60068 


omer? 
PALCO 


Call: 


STUDY LAND MOBILE COMMUNICATIONS 


AT HOME! 


38 Lessons written exclusively for Mobile 
Communications Servicing. $375.00 
Call or write Mobile Training Institute 

for free information: 


P.Q. Box 8278 


Lumberton, TX 77657-0278 
(409) 755-7838 


\ equipment enciosures. back-up power, 


(847) 823-7713 


4-800-789-5986 
mhastings@palco.net 


Trust Your Radiofrequency 


Compliance 


To The Company With The 


Track Record | 


Managing site 
safety means 
more than just 
knowing about RF. 
RSI's programs 
are what your 
company needs 
to be prepared 
for all safety 
related issues! 


FCC/OSHA EME Safety 
OSHA Chemical/Battery 
Storage Procedures 
Fall Hazard Protection Procedures 
Hazard Recognition : Record Keeping 
OSHA Confined Space Procedure 


(OSHA says most tower sites have confined spaces) 


Radiofrequency Safety Intemational Corporation 


1-888-830-5648 
1310 Main - Kiowa KS 67070 
fax 316-825-4324 
Learn more about Telecommunications 
afety issues at our website: 


www.rfcomply.com 


{ustom In-House Safety Programs 
RFR Train the Trainer 
Superior Survey Techniques® Seminars 

RF Supervisor Training Courses 

RF Emissions Inventory Database® 

General OSHA Safety Training 
Computer MPE Analysis 
Custom In-House Safety Videos 
“Get on Board” Programs for Major Companies 
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Because 
it works. 


Call (800) 347-9375 to 
advertise in MRT Classifieds! 
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Company Number 


AEA, div. of Tempo Research........ 40 


Anritsu Company .......ccceceeceseeeees 9 
PVT GIO RGN soi on cessnsnessnenoacesnranneancets 53 
Astron: Carp wisconsin 11 
AVCOM Of Virginia ........ cece OD 
Barnett Electronics Inc... 53 
BatteryPRO Systems, Inc. ............. 24 
Berkeley Varitronics .......ccceeeee 33 
Bird Electronic Corp. ......ccccseeeeeeee 18 
Canadian Marconi ........ceccceececceses 46 
GEL WAVE ivasievianniiveccsevsarcccassaceaesasi 19 
David Clark Co., INC. ...cceceeeeeeee: 27 
Communications Specialists ......... BC 
Communications Data Services ....... 61 
Computer Resources Inc. ......... 61 
Comtelco Industries Inc. ........... 44 
Control Signal Corp. ......cceeeceee 42 
CPI Communications inc. ............. 38 
Crystronics, INC. ..cccecsseesseeseeeeseeees 60 
Daniels Electronics .......ccccescceceeess 34 
DAPA Communications, Ine. ............ 5 
Doppler Systems, INC.......cccccceeee 47 
DX Radio Systems wo... 30 
BAGLE sassecsisarimasnwmennnnavccns 26 
EDX Engineering, Inc. ............000. 37 


El Paso Communication Systems...., 58 


Eupen Cable USA ........ceceeeeeee 20 
The Genesis Group... 60 
IGRI OCH... ss crnnnsnsncsopansnsnncyatenrmsarertnien’ 55 
Holaday Industries, Inc. .........:.00 46 
Hubersuhner AG... eee 25 
IFR Americas, INC... IFC 


International Crystal Mfg. wu... 38 
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Fast Fact Advertiser 
Number Hotline 
41 ........ 760-598-8900 
TO veeans: 800-ANRITSU 
104.0... 800-323-3757 
21 ........ 714-458-7277 
2B ssscviy 804-794-2500 
103...... 800-423-3858 
CL Sete 800-661-9401 
OD exsxcaats 908-548-3737 
10........ 440-248-1200 
35 ........ 613-592-6500 
PS cexcecens 800-321-4700 
a Renee 508-751-5800 
Diassccianiy 800-854-0547 
FUSk22 800-441-0034 
V2 A ssssase 205-987-1523 


46 ........ 800-634-4622 


44 800-521-2203 
SO scsiaves 972-437-5320 
VAT coves 954-491-9501 
30 ........ 604-382-8268 
gH opera 716-373-7228 
Cs 602-488-9755 
14 2. 213-257-0800 
BS wnss 520-204-2597 


38 ........ 541-345-0019 
114... 915-533-5119 


12 ........ 813-527-7955 


bi openers 903-561-6673 
LOR nesess 847-891-2584 
SF rae 612-934-4920 


25 . +41 (0) 71 353 41 11 
ere 316-522-4981 
40 ...,..., 405-236-3741 
37 ....... 916-677-3210 
VA Bivens 785-842-7745 


TVBisscez 800-950-5005 
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Page 
Company Number 
Klein Electronics «00.0... 56 
MarketronicsS Corp. ........cssseseereees 31 
McManus Communications ............ 56 
Mechem Electronics ..........0..000. 56 
Micropath Corp. ......ccccsssessesceeeeees 61 
Motorola Test Equipment................15 
Narda/L3_ Communications ............. 43 
New Hampshire Communications ... 56 
NOrCOMM COMP. ....ccsesesesecsesseeeseres 48 
PageCorp Industries .........ccccceceeee 60 
Paging & Wireless Service Center .... 52 
Polaris INGUStriIES .........esceesesseeeseees 57 
Polyphaser Corp. ........:cceeseseseereeree OS 
Pyramid Communications ............... 54 
Radio Express, INC... 57 
RCC Consultants .........ccceccecseeceeeee 63 
RCW Distributing ........cccesseeseeee 52 
PS bosccawecanananauncnsrenennt 63 
SOMOCUONG os aces crceeanverenseeccenacseizcccatees 32 
Sharp Communication ..............000+ 52 


Shinwa Communications of America .. 41 


SORWGRY sscascesusarcesansosseseosnazesncce 61 
Swager Communications ................ 62 
Telepath cxisnwwerxwewseeewsre 45 
ThURGES Ea 6 iscsi. sisicccecssroneeccone 34 
Transcrypt International .............0 1 
Trident Micro Systems ............ee 29 
Trilogy Communications Inc........... 13 
IDS ECS recrsscasnareswssecirmonepenmasarians 14 
TX RX Systems INC. ......,..cccseeeeeeees 3 
Vega, A Mark IV Company ............. 10 
VERTEX/YAESU USA .......ccsceeeee 23 
Vocom Products Co. LLC ............... 41 
WETEC Electronics ..0........ccceeeeeee 55 
ZG ONS WG nncsaerncpayscasasatacinszapesiaceas IBC 
Zetton: Inthscasnninsz 21 


Fast Fact Advertiser 
Number Hotline 
W110... 760-631-2811 
ds ae 800-845-1230 
109...... 870-763-6250 
110.0... 540-891-0569 
sinpsecenx 303-526-5454 
rn 800-505-TEST 
Cs eee 516-231-1700 
108...... 603-668-3004 
AT resene 916-477-8400 
ARG. ser 800-957-8700 
100... 561-683-0022 

» ht bane 404-872-0722 
Bini yun 800-325-7170 
JOSze% 714-901-5462 

b Sc oer 800-545-7748 
123... 732-404-2400 
101.00. 800-726-9015 


124...... 316-825-4600 
TBvessccres 510-781-5432 
AOD, wna 800-548-2484 
rere 800-627-4722 


120...... 303-344-5486 


WES cscs 800-968-5601 
a 510-656-5600 
Sl vaccines: 703-242-0122 
G siosseaees 800-894-2609 
1B secesaes 800-798-7881 
Graver 601-932-4461 
Picannised 312-755-8741 
Dirorsrsenss 716-549-4700 


20 ........ 626-442-0782 
i De 310-404-2700 
43 .... 800-USA-MADE 


106...... 901-286-6275 
Dress seve 425-820-6363 
2S dassenns 425-820-6363 


Available in desktop or rackmount configurations. 


‘Handles up to 12 base stations and 2 phone lines with ease. 


Supports parallel console operation. 


60 field 
programmable 
Channel Control 
isi “Any Key, 


Senta \y ‘a 


\ 


Multi-purpose 
LCD displays show 
time, date, audio 
levels, paging and 
ANI cades 


Select multiple 
hannels with 
Bullt-in paging encoder 
handles all popular paging 
formats. DIMF & GE/MOT 
two-tone are standard 
Plectron, 5/6 tone, Knox and 
rotary dial options available 


Simply the best 
small dispatch 


using 
Select 


Group 


cnan swith a 
single key stroke \ 


Channel volume contro! lets you 
ncrease volume of priority 


channels to hear all calls 


Choose from 4 alert 
to signal 
mportant dispatches 


tones 


Use “Priority Marker 
to siqnal users to 
minimize non-essential 
channel usage 


pe 


Didn't see which channe 
the last call came tn 
Press “Last Call XMIT 
automatically reply on the 
correct ch 


on? 
ti 


annel 


16 system control keys are 
field-programmable with 
intuitive PC-based program 


This Model 4010 is loaded with 
features and capabilities that far 
exceed any small dispatch console in 
its class. Features that enhance the 
effectiveness of your dispatch 
operations and save your department's 
budget. Call us and see how much 
capability you can get for so little! 


console available! 


Don’t your dispatchers deserve the very best? 


Zetron, Inc. PO Box 97004, Redmond WA 98073-9704 USA 
Phone: (425)820-6363 Fax: (425)820-7031 
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[ZETRON), 


Email: zetron@zetron.com Web: http://www.zetron.com 
European Office: Zetron, Inc. 27-29 Campbell Court, Bramley, TADLEY, Basingstoke. RG26 SEG. UK Phone: +44 1256 880663 


Fax: +44 1256 880491 
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SS-64 $28.95 
Microminiature DIP Switch Programmable CTCSS Encoder. 
Includes 64 tones from 33.0 to 254.1 Hz. 

66" x 1.08" x .21" 


TS-64 $54.95 
Sub-miniature Programmable CTCSS Encoder-Decoder 
Includes 64 tones from 33.0 to 254.1 Hz. 

78" ¥ 1.70" x .25" 


TS-64DS $57.95 
DIP Switch Programmable CTCSS Encoder-Decoder. 
Includes 64 tones Irom 33.0 to 254.1 Hz. 

1,25” x 2.0" x .30" 


ANI-1/$39.95 ANI-2/$299.95 
Automatic Number Identification System 
ANI-1 Encoder - 1.13" x .66" x .22” 
ANI-2 Station Decoder - 5.4" x 5.8" 1 1.4" 


1D-8 $69.95 
Automatic Morse Station Identifier. Meets all FCC 

1D Requirements. Fully lield programmable 

with included keypad. 1.85" x 1.12” x .35” 


TP-3200 $279.95 
Full Featured Shared Repeater Tone Pane! with ALL 157 
CTCSS/OCS codes. in Desktop or Rack Mount versions. 


iy 


$224.95 


Oesklop Paging Encoder. Two-Tone Sequential, 
other formats available. 7.5" x 7.8" x 2.7" 


S$D-1000 $59.95 
Two-Tone Sequential Decoder. Programmable unil 
provides switched oulputs Irom Two-Tone paging calls 
1.25" x 2.0°x 4° 


Two-Tone Sequential Encoder. Sub-assembly mounts 
inside radio or other enclosure. Multiple call capability. 
1,25" x 2.0" x .4” 


cs 


siiiiiiiiiil 


t 
Sean lng, 


$59.95 
Digital Coded Squetch Encoder-Decoder. Programmable 
to all 106 DCS codes. 1.36" x 1.18" x .25" 


FILTERS 
Call us for the lowest cost, 12.5kHz channel spacing, 
exacl replacement, crystal and ceramic IF filters for 
Part 90 Refarming. 


TE-64D $129.90 
Multi-Purpose CTCSS/Burst Tone Encoder w/LED Display 
Great for the Benchtop. §.25° x 3.3" x 1.7" 


© Same reliable and cost effective products you have known and trusted for 30 years! 
Full FIVE YEAR WARRANTY on all products e “INFO FAX” with 24 hour information 
e Same day shipping on most orders Toll free 800 numbers for both voice and FAX 


| COMMUNICATIONS SPECIALISTS, INC. 
| MY 426 WEST TAFT AVENUE ¢ ORANGE, CA 92865-4296 
| ‘ See th | @ | | (714) 998-3021 © FAX (714) 974-3420 
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